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SUMMARY 


The  primary  purpose  of  this  study  was  to  define  an  i?iformation 


transfer  system  which  provides  a cost-effective  and  efficient  interface 


between  a microfiche  storage  center  ard  a number  of  remote  users.  The 


problem  base  was  assumed  to  be  th»  Foreign  Technology  Division,  Wright- 


Patterson  Air  Force  Base.  The  gcopt  of  the  program  included  a parametric/ 


cost  study  and  alternative  system  and  component  analyses  which  resulted  in 


the  recommendation  and  definition  of  an  optimized  "Microfiche  Scanner  and 


Remote  Display  System".  The  recommended  system  basically  contains  solid- 


state  microfiche  scanners,  a minicomputer  with  peripheral  storage,  a coaxial 


transmission  link  and  remote  storage  CRT  display  terminals.  The  results  of 


laboratory  experiments  using  representative  equipment  vrhich  emphasized  the 


display  of  microfiche  are  included. 
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PREFACE 


This  final  report  was  prepared  by  EPSCO  Labs,  formerly  CBS  Labora- 
tories, A Division  of  EPSCO,  Incorporated,  15  River  Road,  Wilton,  Connecticut 
06897 ,v under  Contract  No.  F30602-75-C-0328,  for  the  Rome  Air  Development  Center, 
Griff itp  Air  Force  Base,  New  York  13440.  Kr.  David  Luther  of  RADC  was  the 
Air  Force  Program  Monitor.  The  work  was  performed  during  the  period  July  1975 
through  December  1975. 


The  major  EPSCO  Laboratories  participants  and  their  contributions 
towards  the  completion  of  the  contract  are  given.  Robert  A.  Botticelli  was 
the  Program  Manager  and  also  performed  the  display  portion  of  the  study. 

Gerald  J.  Wallmark  investigated  the  various  input  scanner  possibilities  and 
Donald  J.  Walker  conducted  the  system  analysis  and  integration  part  of  the 
program.  The  experimental  effort  was  conducted  by  William  Harris.  A major 
contribution  to  the  computer  and  software  requirements  were  made  by  John  Turek. 
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EVALUATION 


The  effort  reported  herein  was  initiated  at  the  request  of  the  Air 


Force  Foreign  Technology  Division  in  an  attempt  to  find  a more  efficient 


mechanism  for  communication  of  scientific  and  technical  material  stored 


in  microfiche.  The  consumers  of  microfiche,  in  this  case,  are  technical 


intelligence  analysts. 


To  simplify  matters,  two  conditions  were  imposed  on  the  problem.  It 


was  to  be  assumed  that  microfiche  were  to  be  retrieved  and  refiled  by 


manual  means.  It  was  further  assumed  that  the  microfiche  library  and 


its  users  were  in  close  proximity,  i.e.,  within  several  thousand  feet. 


The  key  to  the  problem  addressed  by  this  study,  in  my  opinion,  is 


display  quality  and  text  legibility.  This  report  addresses  that  issue. 


first,  on  a theoretical  basis.  However,  I felt  that  subjective  user 


reaction  was  essential  to  substantiate  display  acceptance. 


With  that  basla,  it  is  particularly  impressive  that  the  Tektronix 


#4014  Stoi  'gu  .’ube  Display  received  such  excellent  ratings,  both  or  paper 


and  during  simulations.  Of  course,  once  it  was  determined  that  the 


4014  could  meet  the  visual  requirements,  the  fact  that  it  has  inherent 


storage  pays  great  additional  dividends.  This  is  especially  true  when 


upwards  of  100  terminals  are  needed.  The  utility  of  the  Tektronix  4j14 


in  this  application  has  to  be  the  most  significant  discovery  of  this 


effort. 


The  analytic  process  used  by  EPSCO  to  determine  and  recommend  system 


components  was  most  interesting.  Their  "parametric  analysis"  was  used 


to  glance  ^he^  interrelated  variables  in  coming  to  a 
DAVID  A.  LUTHER 


final  recommendation. 
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Project  Engineer 
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INTRODUCTION 


k 


1.0  BACKGROUND  AND  STUDY  GOALS 

This  report  presents  the  technical  results  of  the  "Microfiche 
Scanner  and  Remote  Display  System  Definition  Study",  performed  by  EPSCO 
Labs,  Wilton,  Connecticut,  for  the  Rome  Air  Development  Center,  Griff iss 
Air  Force  Base,  under  Contract  No.  F306Q2-75-0328.  The  study  was  performed 
over  a 6-month  period  from  July  1975  through  December  1975.  This  is  the 
final  report  of  the  study. 

The  basic  objective  of  this  study  was  to  define  an  information 
transfer  system  providing  a cost-effective  and  efficient  interface  between 
a microfiche  storage  center  and  a number  of  remote  microfiche  users. 

Emphasis  during  the  study  was  placed  on  resolving  the  basic  feasi- 
bility issue  as  to  whether  a suitable  "soft"  display  terminal  could  be  used 
to  produce  high  quality  legible  displays  of  microfiche  documents. 

The  problem  base  for  this  study  was  the  microfiche  data  base 
resident  at  the  Foreign  Technology  Division  (FTD),  Wright-Patterson  Air 
Force  Base,  Ohio,  for  the  purposes  of  system  definition,  general  requirements 
ar.d  physical  constraints.  However,  it  is  clear  that  the  system  recommendations 
herein  may  have  a general  appeal  to  other  similarly  configured  problem  areas. 

At  the  Foreign  Technology  Division,  significant  volumes  of  data  are, 
and  new  data  will  continue  to  be,  stored  in  a microfiche  form.  These  micro- 
fiche are  located  in  a central  library.  FTD  analysts  or  users  often  are 
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made  aware  of  the  existence  of  available  microfiche  through  the  use  of  a 


computer-based  abstract  system.  Many  times  the  user  may  seek  access  to  one 
or  a few  pages  within  a single  or  multiple  microfiche.  The  efficient  utili- 


zation of  the  microfiche  storage  medium  and  the  storage  library,  as  well  as 


the  user's  time,  is  best  served  when  he  can  view  his  selected  data  in  a minimum 


time  while  remaining  at  or  near  his  work  station.  The  electrical  transfer  of 
data  from  the  fiche  at  a central  location  to  a display  terminal  at  the  user's 


work  station  offers  a reasonable  cost  effective  way  of  satisfying  this  need. 


The  scope  of  this  work  included  a parametric/cost  study  and  alter- 
native component  and  system  configuration  analyses  which  resulted  in  the 
recommendation  of  an  optimized  "Microfiche  Scanner  and  Remote  Display  System". 


This  study  Included  the  results  of  laboratory  experiments  using  representative 


equipment  which  emphasized  the  display  of  microfiche  from  the  FTD  data  base. 


The  study  does  not  address  any  aspect  related  to  automatic  microfiche  retrieval 


and  reflle  equipment  or  techniques.  Manual  loading  of  the  scanner  is  assumed 


at  the  microfiche  storage  center. 


ORGANIZATION  OF  THE  VOLUME 


The  organization  of  the  study  results  are  presented  in  this  Final 


Report  in  the  following  manner. 
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Section  2 presents  a preliminary  description  of  the  Microfiche 
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Scanner  and  Remote  Display  System  required  by  FTD.  The  system's  functional 


design  requirements/constraints  and  system  parameters  are  established. 


Section  3 examines  the  major  system  components  and  presents  the 


selection  rationale.  Alternative  system  configurations  are  also  treated  and 


equipment  recommendations  are  established. 


Section  4 presents  a detailed  description  of  the  recommended 


Microfiche  Scanner  and  Remote  Display  System.  This  discussion  contains 


performance  and  functional  specifications  that  may  be  extracted  for  procurement. 


Section  5 summarizes  a system  Implementation  plan  which  Includes 


the  schedule  and  cost  required  for  installation  of  an  operational  system  at 


Section  6 summarizes  the  recommendations  and  conclusions  of  the 


study. 


Appendix  A contains  the  detailed  scanner  performance  and  parametric 


analysis.  The  analytical  signal-to-noise  ratio  models  used  in  the  analysis 


are  presented. 


Appendix  B presents  the  results  of  the  experimental  simulation 


experiments.  Tests  were  conducted  using  a laser  scanner  to  scan  samples  of 


the  FTD  data  base  which  were  displayed  on  a Tektronix  Model  4014  Display 


Terminal.  In  addition,  other  tests  were  performed  using  a high-resolution 


non-storage  display  for  comparison. 


Appendix  C contains  the  detailed  maintainability  analysis  related 


to  the  various  scanner  candidates. 
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CONCLUSIONS  AND  RECOMMENDATIONS  OF  THE  STUDY 


The  major  conclusions  and  recommendations  of  the  study  are 


summarized  below: 


Based  on  the  results  of  analyses  and  simulation 
experiments  conducted  during  the  study,  it  has 
been  concluded  that  the  Microfiche  Scanner  and 
Remote  Display  System  is  feasible.  The  system 
will  provide  an  efficient  and  cost-effective  in- 
terface between  a microfiche  storage  center  and 
remote  microfiche  users.  EPSCO  Labs  recommends 
full  implementation  of  the  system  at  FTD. 


V 


EPSCO  Labs  recommends  a two  step  implementation 
plan  leading  to  the  Installation  and  acceptance 
of  the  Microfiche  Scanner  and  Remote  Display 
System  at  FTD.  A phased  procurement  will  mini- 
mize the  risk  exposure  to  the  government  and 
spread  cost  expenditures. 


A primary  concern  at  the  offset  of  the  study  was 
the  ability  of  available  display  units  to  produce 
highly  legible  displays  of  microfiche  documents. 

On  the  basis  of  actual  simulation  demonstrations, 
it  has  been  concluded  that  the  Tektronix  Model 
#4014  Direct  View  Storage  Display  Terminal  fully 
meets  the  demanding  viewing  requirements.  The 
Terminal  was  recommended  based  on  an  overall  asses- 
ment  including  other  analyses. 


A solid  state  scanner  was  recommended  as  the  micro- 
fiche digitizer,  based  on  an  overall  assessment  of 
performance,  cost,  reliability  and  maintainability. 
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The  FTD  microfiche  data  base  contains  a variety 
of  textual  documents  of  different  quality  levels 
and  letter  heights  ranging  down  to  about  0.025 
inch.  A system  "zoom"  capability  is  recommended 
so  that  a 2:1  magnification  of  the  image  size  can  be 
obtained  at  the  display.  This  results  in  a doub- 
ling of  the  effective  resolution  so  that  the 
smallest  symbol  sizes  can  be  clearly  displayed. 


Although  excellent  results  were  obtained  display- 
ing "zoomed"  images,  the  adverse  effect  of  micro- 
fiche film  density  variations  across  extremely 
small  characters  and  fine  grid  lines  was  evident. 

It  is  apparent  that  the  legibility  of  these  char- 
acters is  affected  by  the  threshold  level  used  in 
digitizing  the  analog  signal  obtained  from  the 
microfiche  scan.  It  is  recommended  that  the  thrdsh- 
holding  problem  should  be  studied  and  circuitry 
developed  in  order  to  optimize  the  legibility  of 
poor  quality  microfiche  originals  containing 
excessive  density  variations. 
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SECTION  II 


DEFINITION  OF  MICROFICHE  SCANNER  & REMOTE 


DISPLAY  SYSTEM  FUNCTIONAL  REQUIREMENTS 


GENERAL 


This  section  presents  a preliminary  description  of  the  Microfiche 


Scanner  and  Remote  Display  System  (also  referred  to  aa  the  Microfiche  System) 


required  by  the  Foreign  Technology  Division  at  Wrlght-Patterson  Air  Force  Base. 


The  system's  functional  design  requirements  and  system  parameters  are  established. 


This  preliminary  definition  Is  based  on  the  program  statement  of  work,  dis- 


cussions with  RADC  and  FTD  personnel  with  regard  to  the  needs  of  the  user 


community f and  other  Information  available  at  the  offset  of  the  program. 


UPGRADING  OF  FTD  INFORMATION  RETRIEVAL  FACILITIES 


In  recognition  of  the  continuing  growth  In  the  use  of  microfiche,  and 


^*e  realization  that  It  may  well  become  the  dominant  medium  for  docunent  storage 


In  the  1980's,  FTD  has  started  to  upgrade  their  Information  retrieval  facilities 


and  are  investigating  the  feaaibility  of  installing  a Microfiche  Storage  and 


Remote  Display  System. 


The  microfiche  facility  at  FTD  presently  Is  a manual  system  which  must 


be  upgraded  if  large  quantities  of  microfiche  are  to  be  used  effectively  by  the 


analyst  community.  Figure  2-1  Illustrates  how  users  currently  acquire  and  read 


microfiche  documents.  A user  first  conducts  an  abstract  search  using  teletype 
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terminals  that  are  located  In  various  departments  within  the  FTD  building.  The 


analyst  obtains  a list  of  relevant  document  titles  and  abstracts  by  interactive 


dialogue  with  the  Abstract  Library  Information  System.  The  abstract  library  is 


essentially  part  of  a large  information  retrieval  network  which  services  FTD  and 


other  government  installations.  Some  of  the  documents  of  interest  will  be  on 


microfiche  and  will  have  identifying  numbers.  After  the  analyst  terminates  his 


search  at  the  teletype,  he  can  either  order  hard  copies  of  the  documents,  order 


microfiche,  or  actually  go  over  to  the  microfiche  storage  center  and  obtain 


microfiche  which  can  be  read  on  an  optical  viewer.  The  existing  teletype  terminals 
are  hard  wired  to  an  IBM  360  computer  in  the  central  computer  area  via  a DEC 


PDP  11/45  concentrator. 


The  Foreign  Technology  Division  is  currently  Installing  a two-way  coaxial 


transmission  cable  within  the  building  to  service  all  information  systems  and 


remote  peripherals  connected  to  the  IBM  360  computer  (a  second  coaxial  cable  will 


service  the  Unlvac  computer  facilities).  After  the  coaxial  transmission  cable 


is  installed,  all  remotely  located  equipment,  such  as  the  trletype  terminals  for 


the  interactive  Library  Information  System,  will  utilise  the  cable.  Figure  2-2 


shews  one  possible  configuration  where  all  terminals  are  time  division  multiplexed 


via  48  Kbps  receive/transmit  modems  over  the  cable. 
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The  next  logical  step  in  upgrading  the  information  retrieval 


facilities  would  be  the  installation  of  an  automated  Microfiche  Scanner  and 
Remote  Display  System.  This  will  provide  direct  access  of  the  FTD  microfiche 
data  base  by  analysts  using  remote  display  terminals.  Definition  and  evaluation 
of  the  Microfiche  Scanner  and  Remote  Display  System  is  the  primary  objective 
of  this  study. 

2.2  MICROFICHE  SCANNER  AND  REMOTE  DISPLAY  SYSTEM 

A preliminary  block  diagram  of  the  Microfiche  Scanner  and  Remote 
Display  System  illustrating  the  major  system  components  is  shown  in  Figure  2-3. 

Major  units  Include  the  microfiche  archival  storage  center,  scanner,  central 
computer  for  control  and  storage,  transmission  channel,  concentrator,  and  re- 
mote user  terminals  consisting  of  a display  unit  with  keyboard.  Many  alter- 
native configurations  are  possible,  particularly  in  configuring  the  transmission 
paths  and  Interface  with  the  concentrator  and  other  information  systems. 

During  operation,  the  system  is  activated  by  keyboard  requests  from 
analyst  users  at  remote  locations  within  the  FTD  building  complex.  Microfiche 
document  numbers,  typed  on  the  display  keyboard,  are  transmitted  to  the  micro- 
fiche archival  storage  center  and  recorded  on  a high  speed  printer.  An  operator 
at  the  center  locates  the  requested  document,  manually  feeds  the  microfiche  into 
a scanner  and  types  an  identification  code  into  the  system.  The  microfiche  pages 
are  then  automatically  scanned,  processed  by  the  control  computer,  and  placed  in 
primary  storage.  The  first  page  of  the  requested  microfiche  is  then  automatically 
routed  via  the  transmission  channel  and  displayed  at  the  analyst's  display  terminal 
Each  page  of  the  document  can  then  be  viewed  by  the  analyst  as  desired.  The 
system  will  be  capable  of  handling  a number  of  users  simultaneously. 
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The  purpose  of  thie  simplified  system  description  is  only  to 
introduce  the  major  system  components  and  the  operational  concept  so  that 
the  system  requirements  and  basic  operation  are  understood.  A detailed 
description  of  the  recommended  system  is  given  in  Section  4.0. 


2.3  SYSTEM  REQUIREMENTS 


The  general  requirements  in  this  section  form  the  basis  for  the 
Microfiche  Retrieval  and  Display  System  at  the  offset  of  the  study. 


2.3.1  COMPATIBILITY  WITH  EXISTING  FTD  FACILITIES 


a.  The  system  will  utilize  the  existing  FTD  microfiche 
data  base. 

b.  A dedicated  microfiche  storage  computer  will  be  pro- 
vided because  of  the  current  load  on  existing  facilities. 

c.  The  Microfiche  System  will  be  controlled  by  the  existing 
DEC  PDP  11/45  concentrator. 


2.3.2  COMPATIBILITY  WITH  PLANNED  FTD  FACILITIES 


s.  The  Microfiche  System  will  utiUte  the  FTD  coaxial 
transmission  cable. 

b.  The  system  will  consist  of  a network  of  at  least  40 
interactive  display  terminals  located  within  the  FTD 
building  complex  with  a growth  potential  of  up  to  100 
terminals.  Common  display  terminals  will  be  used  for 
all  information  systems. 

c.  The  system  will  optimize  utilization  of  the  trans- 
mission link.  This  will  be  achieved  by  some  form  of 
dynamic  transmission  channel  allocation  so  that  no 
more  than  ten  wide  bandwidth  channels  are  needed  for 
the  Microfiche  System. 


2.3.3  GENERAL  SYSTEM  REQUIREMENTS 


a.  The  Microfiche  System  should  react  to  the  initial 
request  within  30  seconds.  During  this  period,  a 
microfiche  will  be  loaded,  transferred  to  primary 
storage,  and  finally,  the  first  page  of  the  requested 
microfiche  will  be  displayed  at  the  requestor's  remote 
terminal. 
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b.  The  primary  storage  buffar  will  provide  aufficient 

atorage  to  interact  with  a minimum  of  40  active  users. 
Eech  actlvs  uasr  will  be  able  to  maintain  one  micro- 
fiche (assuming  an  average  documant  of  20  pagas)  in  the 
primary  atorage  erea  until  ha  disconnects. 


c.  Human  factors  will  be  glvsn  primary  consideration  in 
defining  man /machine  lntsrfeces. 


d.  Available  hardware  will  ba  given  prime  consideration 
during  specification  of  the  system. 


s.  Microfiche  will  bs  manually  fed  between  tha  storage 
centsr  and  the  scanner. 


f.  Mo  special  operator  skills  shell  be  rsquired  to 
oparete  ths  systsm. 


The  reliability  and  maintainability  of  the  system 
will  bs  consistent  with  a very  high  utilisation  rate. 


h.  The  operating  environment  will  be  normal  laboratory 
or  offics. 


2.3.4  MICROFICHE  DATA  BASE 


The  Foreign  Technology  Division  presently  maintains  ovar  100,000 


microfiche  in  the  existing  storage  centsr.  It's  reasonable  to  expect  ths  totel 


to  expand  beyond  250,000  as  more  incoming  documents  ars  converted  to  microfiche. 


Only  ons  standard  else  microfiche,  105  mm  x 148  mm  (approximately 


4x6  Inches)  in  size  with  98  frames  (7  rows  x 14  columns)  reduced  by  24X,  will 


ba  storsd.  Figure  2-4  illustrates  this  International  Microfiche  Standard  showing 


dimensions  and  tolerances.  The  system  will  recognize  only  single  pages. 


10  nan  wide  x 12  mm  high.  All  data  and  text  will  be  orientated  in  the  same  direction 


as  on  a standard  8-1/2"  x 11"  typed  document  (that  is,  no  peges  will  bs  rotetsd 


90  in  orientation  on  ths  microfiche).  Other  standard  sizes,  such  as  the  60 


frame  (5  rows  x 12  colunna),  currently  intermingled  in  ths  FTD  microfiche  files, 


will  not  be  procsassd  by  the  system  (however,  a scanner  which  handles  both  sizes 


could  bs  configured) . 


Typical  documents  within  the  microfiche  data  bass  consist  of  type- 
written ptses,  reports,  government  forms,  catelog  shests,  reprints  with  two  or 
three  columns  of  text,  grephica,  and  half-tone  photographs. 
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Manufacturing  tolerances  for  raw  film. 


Transparent  A6  tilt  mieroficha  of  uniform 
Image  arrangement  No.  2 (98-fremei). 


division; 


INTERNATIONAL  MICROFICHE  STANDARD 


FIGURE  2-4 
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Quality  levels  for  the  microfiche  contained  within  the  data  base 
vary  widely.  Examples  of  the  quality  range  is  illustrated  in  Figure  2-5,  2-6, 
and  2-7  which  represent  excellent,  fair,  and  poor  microfiche  rages  photographed 
an  an  optical  viewer.  Observe  that  Figure  2-7,  which  consists  of  two  pages 
from  a monograph,  cannot  be  read  on  an  optical  viewer.  Fortunately,  only  a 
small  portion  of  the  data  base  is  of  poor  quality. 

The  quality  of  this  microfiche  data  base  will  be  continually  improved. 

FTD  has  recently  acquired  a new  microfiche  camera  so  that  all  additions  to  the  data 
base  can  now  be  maintained  within  appropriate  quality  limits  (if  the  original  document 

is  of  satisfactory  quality) . 


2.3.5  MICROFICHE  STORAGE  CENTER 


Although  definition  of  the  microfiche  storage  center  is  not  within  the 
scope  of  the  study,  the  essential  elements  will  be  discussed  in  order  to  clarify 
the  operation  and  requirements  of  the  system.  Figure  2-8  illustrates  the  organi- 
zation and  structure  of  a viable  microfiche  storage  center  (although  not 
necessarily  the  best  arrangement  for  FTD) . The  essential  functional  units 
consist  of  the  microfiche  storage  files,  a high  speed  printer  to  receive  requests 
from  remote  stations,  and  one  or  more  scanners  to  convert  microfiche  images  into 
a digital  data  stream.  The  scanners,  which  are  part  of  the  system  being  defined, 
interface  with  the  control  computer  in  an  adjacent  room. 
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In  addition,  the  storage  center  may  contain  interactive  display 
terminals  for  file  searching  and  document  display;  a microfiche  processing  and 
quality  control  lab;  equipment  to  produce  hard  copies  of  documents;  and  per- 
haps in  the  future,  automated  equipment  to  retrieve  microfiche  and  feed  the 
scanner. 


2.3.6  MICROFICHE  SCANNER 


The  microfiche  scanner  is  the  input  element  for  the  automated 
portion  of  the  Microfiche  Scanner  and  Display  System.  Its  function  is  to 
scan  the  microfiche  record  and  transform  the  pages  on  microfiche  to  a digital 
signal.  This  signal  will  then  be  stored  in  the  primary  buffer  until  transfer 
to  the  remote  display  terminal  is  requested.  (The  first  image  in  the  micro- 
fiche is  automatically  transferred  to  the  user). 

A number  of  alternative  scanner  configurations  are  considered  for 
this  application.  Alternative  technologies  Include  television  cameras,  flying 
spot  scanners,  image  dissectors,  laser  scanners,  and  solid  state  scanners.  In 
general,  the  scannet  must  satisfy  the  following  requirements: 

a.  The  scanner  must  accommodate  a manually  loaded  micro- 
fiche and  index  it  to  the  proper  orientation  for 
scanning. 

b.  The  scanner  must  scan  and  digitize  each  page  of  the 
microfiche  in  sequence. 

c.  It  must  provide  operator  interaction  via  an  alphanumeric 
keyboard  so  that  appropriate  identification  codes  can  be  input. 
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d.  The  scanner  output  oust  be  a digital  binary  form  of 
signal  representing  opaque  and  transparent  areas  on 
the  page  of  interest  (no  gray  tones). 


2.3.7 


COMPUTER  AND  MASS  STORAGE 


The  microfiche  computer  provides  for  the  overall  control  of  the 


Microfiche  Scanner  and  Remote  Display  Systems  and  contains  the  mass  storage 


required  to  hold  digitized  microfiche  page  images  for  the  active  users.  The 


general  microfiche  computer  requirements  follow: 


A dedicated  computer  system  is  needed  because  of  the  load 
on  existing  computer  facilities.  The  DEC  PDP  11  family 
of  computers  will  be  used,  since  they  are  being  satisfactorily 
employed  and  are  well  understood  by  the  technical  personnel 
at  FTD. 


b.  The  computer  will  Interface  with  the  coaxial  transmission 
system  via  the  existing  IBM  360  concentrator  (a  DEC  PDP 
11/45  computer  which  simulates  an  IBM  Model  2703  communi- 
cations processor). 


2.3.8 


TRANSMISSION  LINK 


The  transmission  system  to  be  used  to  link  the  remote  terminals  to 


the  Microfiche  Computer  is  well  defined.  A two-way  coaxial  cable  network  will 


be  installed  at  FTD  by  Interactive  System,  Inc.  The  cable  can  be  used  to 


accommodate  the  Microfiche  Scanning  and  Remote  Display  System  transmission  re- 


quirements in  addition  to  other  communication  networks. 


The  basic  distribution  system,  discussed  in  detail  in  Section  4.5.1 
provides  up  to  100  channel  capabii: .y  for  two-way  operation.  Branching  from 
the  main  cable  is  easily  accomplished  using  standard  modems,  couplers,  and 
amplifiers. 


The  following  general  requirements  relate  to  the  transmission 

link: 


a.  The  system  must  be  configured  to  make  the  best  use 
of  the  bandwidth  (300  MHz)  of  the  transmission  lines. 
This  will  include  the  incorporation  of  time  division 
multiplexing  for  communication  with  the  concentrator 
(for  interactive  dialogue)  and  dynamic  allocation  of 
shared  high  speed  transmission  channels  to  transmit 
Imagery  from  the  Microfiche  Computer. 

b.  The  transmission  channel  which  is  confined  to  the  FTD 
building  complex  will  be  used  to  eliminate  the  hard 
wiring  of  system  components.  The  maximum  cable  length 
is  less  than  1,500  feet  long. 

c.  Encryption  of  the  data  transmitted  for  security  pur- 
poses is  not  required  because  the  entire  cable  network 
is  interior  to  a secured  area. 


2.3.9  REMOTE  DISPLAY  TERMINAL 


Each  remote  display  terminal  consists  of  a cathode  ray  tube  display 
monitor  to  view  microfiche  documents;  a send-receive  keyboard  to  communicate 
with  the  control  computer;  and,  if  necessary,  a full  page  buffer  to  refresh 
the  CRT  (if  a non-storage  display  tube  is  specified). 
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The  remote  user  communicates  with  the  control  computer  via  the 
keyboard.  He  can  utilize  the  on-line  keyboard  to: 


a.  interactively  search  the  microfiche  data  base, 
obtain  textual  abstracts,  and  once  locating  de- 
sired documents,  request  microfiche  film  by 
identification  numbers. 

b.  initiate  a microfiche  document  request  via  the 
high  speed  printer  in  the  microfiche  control 
center. 

c.  view  other  pages  of  the  microfiche  currently  in 
primary  storage  by  keying  appropriate  commands. 

d.  request  additional  documents  or  terminate  the 
session. 

The  data  called  up  by  the  user  is  displayed  on  the  screen  at  his 
work  station.  Data  is  retained  on  the  display  for  as  long  as  the  user  wishes 
and  car  be  erased  and  replaced  by  other  data  at  the  user's  command. 


The  basic  requirements  for  such  a remote  display  station  include 
the  following: 


a.  The  format  of  the  display  device  will  be  of  sufficient 
size  to  display  an  8-1/2"  x 11"  original  document  at 
least  full  size. 

b.  Human  factors  will  be  considered  in  specifying  the  size, 
configuration,  resolution  and  brightness  of  the  display. 

c.  One  page  of  data  will  be  displayed  (on  command)  on  the 
screen  at  the  user's  work  station. 

d.  The  user  will  have  the  aDility  to  call  up  pages  in  any 
sequence  within  several  seconds  from  the  primary  buffer. 
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e.  The  display  will  be  designed  for  good  legibility  when 
employed  under  normal  ambient  lighting  conditions. 

f.  The  resolution  should  be  adequate  to  distinguish  1/16" 
high  characters  on  the  original  with  98%  probability 
of  recognition  at  ambient  conditions. 

g.  If  a non-storage  type  CRT  is  used,  the  repetition  rate 
will  be  high  enough  to  prevent  flicker.  A refresh 
buffer  will  be  supplied  at  each  terminal  with  sufficient 
storage  to  hold  one  frame. 

h.  The  keyboard  terminal  will  be  a send-receive  configuration 
capable  of  transmitting  ASCII  code. 

i.  The  terminal  must  have  a built-in  character  generator 
to  display  and  transmit  alphanumeric  messages. 

j.  A hard  copy  capability  is  not  required  (however  it  is 
desirable  for  flexibility  and  growth). 

2.3.10  DATA  COMPRESSION 


Data  compression  may  be  utilized  in  the  system,  if  necessary,  to  make 
the  most  efficient  use  of  the  mass  storage  and  the  transmission  channel.  The 
cost  and  performance  trade-offs  of  implementing  data  compression  must  be 
considered. 


2.4  SYSTEM  PARAMETERS 


The  objective  of  this  section  is  to  establish  system  operating 
parameters  for  use  in  defining  the  Microiichn  Scanner  and  Remote  Display  System. 
Selection  of  the  system  parameters  is  highly  dependent  on  the  system  requirements, 
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equipment  constraints,  microfiche  quality,  legibility  expectations,  and  t 
host  of  other  factors.  The  parameters  established  at  this  stage  are  preliminary. 
Once  candidate  equipment  selections  are  made,  parameters  can  be  optimized  for 
a particular:  configuration  (as  in  Section  4 for  the  Recommended  Microfiche 


System) . 


2.4.1  LEGIBILITY  CRITERIA 


Of  all  of  the  variables  that  must  be  tied  down  in  establishing 


system  parameters,  output  quality  is  perhaps  the  most  involved  - primarily 


because  it  is  difficult  to  quantify  as  many  subjective  factors  influence  the 


viewer.  Many  studies  have  been  conducted  to  assess  the  legibility  and  overall 


quality  of  Images  transmitted  using  high  resolution  TV  and  other  communication 


systems.  Results  from  this  technical  literature  can  be  used  to  establish 


resolution  requirements. 


At  the  input  end,  the  fundamental  parameters  related  to  the  resolution 


capabilities  of  the  system  are  the  size  of  the  scanning  spot,  scan  density  (scan 


lines  per  inch),  scan  line  overlap,  spot  shape,  quality  of  the  input  microfiche 


and  other  factors. 


In  examining  the  resolution  determines  for  high  legibility,  an 


input  microfiche  size  of  0.354"  x 0.458"  representing  a 24X  reduction  of  a 


8-1/2"  x 11"  document  is  considered. 
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For  legible  individual  characters  a review  of  the  literature 
indicates  that  about  10  scan  lines/character  height  are  required  to  minimize 
character  recognition  errors  and  to  reduce  identification  time.  Figure  2-9, 
taken  from  Dr.  D.A.  Shurtleff's  paper  entitled.  Legibility  Research,  il- 
lustrates these  relationships.  Ten  scan  lines  per  symbol  height  appears  to 
be  the  point  at  which  the  percentage  of  recognition  errors  and  identification 

time  are  optimumly  reduced  for  specific  symbol  sets.  For  word  identification 

2 

in  textual  material,  about  half  of  the  scan  lines  would  be  required  . Use 
of  fewer  scan  lines  than  suggested  in  the  literature  is  still  acceptable; 
however,  the  probability  of  recognition  would  be  further  degraded. 

Initially  assume  that  the  minimum  character  height  commonly  en- 
countered for  text  type  materials,  normally  - books,  letters,  forms  - is  close 
to  1/16  inch  (the  lower  case  e is  used  aB  a reference).  This  equates  to  a 
scan  density  of  160  scan  lines/inch  (assuming  no  scan  line  overlap).  There- 
fore, approximately  1760  scan  lines  per  document  height  are  required  (for  a 
standard  11- inch  high  document).  Since  about  1500  scan  lines  per  display  height 
represents  the  limit  for  practical  CRT  display  design,  the  requirement  of  160 
scan  lines/inch  is  too  demanding.  Therefore,  either  a lower  scan  line  density 
must  be  employed  - with  an  accompanying  reduction  in  the  probability  of  symbol 
recognition  - or  a magnification  of  information  on  the  display  (zooming)  is 
needed,  providing  an  effective  1500  line  resolution  over  a quarter  of  the  page 
size. 


1 Dr.  D.A.  Shurtleff,  "Legibility  Research",  Proceeding  of  the  S.I.D. 
Vol.  15-2  Second  Quarter  1974 

2 D.M.  Costigan,  "FAX",  Chilton,  pp.142,  1971 


Figure  2-10  illustrates  the  scan  line  density  per  picture  height 
versus  character  height  for  several  legibility  criteria.  It  can  be  seen  that 
for  a criteria  of  seven  scan  lines  pep  character  height  only  1,300  lines  per 
picture  height  are  required  for  the  1/16  inch  character.  The  probability  of 
recognizing  1/16"  high  letters  is  lower  (than  when  10  scan  lines/character 
are  used)  but  still  adequate;  in  fact,  it  is  still  excellent  for  word  re- 
cognition. 

This  compromise  solution  of  being  satisfied  with  seven  scan  lines 
per  character  height  is  not  satisfactory  for  the  FTD  data  base  which  contains 
lower  case  letters  and  symbols  as  small  as  0.030  inch  high.  A 1500  line  per 
picture  height  display  could  only  handle  a 0.050  inch  high  letter  using  the 
seven  line  per  character  height  criterion.  Hence,  a zoom  capability  which 
allows  a 2:1  magnification  of  the  image  size  on  the  display  is  needed  to  read 
the  smallest  character.  With  2:1  zoom,  a 1500  line  per  picture  height  display 
handles  one-quarter  of  a page  of  text  with  an  effective  3000  line  per  picture 
height  resolution.  A 0.025  inch  high  symbol,  therefore,  can  be  effectively 
scanned  using  7 scan  lines  per  character  height. 

An  alternate  solution  is  to  find,  or  develop,  a CRT  that  operates  at  a 
higher  resolution  than  1500  scan  lines.  This  is  not  practical  as  there  are  many 
technical  reasons  why  high  resolution  displays  operate  in  the  1000  to  1500  scan 
line  per  picture  height  range.  Much  of  the  circuitry  becomes  more  involved  and 
costly  as  the  bandwidth  requirements  increase.  In  addition,  as  the  spot  size  is 
reduced,  it  is  increasingly  difficult  to  achieve  the  brightness  levels  needed 
for  good  viewing. 


2.4.2 


NUMBER  OF  PIXELS  PER  DOCUMENT  PAGE 


A parameter  which  must  be  carefully  optimised  is  the  microfiche 


page  element  density  or  number  of  pixels  required  per  document  page  (obtained 


by  multiplying  the  number  of  elements  per  line  by  the  number  of  scan  lines  per 


page  height).  This  parameter  must  be  as  high  as  possible  to  maximise  the 


resolution  of  the  system.  On  the  other  hand,  it  must  be  minimised  because 


increasing  the  dats  density  has  a detrimental  impact  on  system  cost  and  performance. 


As  the  data  density  increases,  the  system  scan  time,  transmission  time  and 


response  time  sll  lengthen.  The  primary  storage  sise,  computer  core  sise  and 


system  complexity  slso  must  increase  as  the  dats  density  per  page  goes  up. 


This  conflict  in  establishing  the  optimum  value  for  the  page  pixel 


density  is  resolved  by  closely  examining  the  display  terminal  resolution  limit. 


legibility  criteria,  and  microfiche  resolution  currently  achieved  on  a good 


optical  viewer.  Table  2-1  summarizes  the  rationale  for  the  matf>er  of  pixels 


per  document  psge  selected. 


TABLE  2-1 


RATIONALE  - NUMBER  OF  PIXELS  PER  DOCUMENT  PAGE 


Display  Terminal  Limit 


1500  Elements/Displsy  Height 
1160  Elements  Per  line 


Zoom  Assist 


Effective  3000  Line  Resolution 


Microfiche  Resolution 
(Good  Quality  Opticsl  Viewer) 


3 lp/nm  Referred  to  Original 
1676  Line  Vertical  Resolution 
1295  Elements  Per  Line 


Legibility  Criteria 


Minimum  of  7 Scan  Lines/Character  Height 
1250  Scan  Lines  for  1/16"  High  Character 
2500  Scan  Lines  for  1/32"  High  Character 
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Perhaps  the  most  important  consideration  is  the  display  terminal 
resolution  limit.  When  using  the  best  available  display  about  1500  elements  per 
display  height  can  be  resolved.  This  implies  a resolution  of  1160  elements 
across  a scan  line  (assuming  an  8-1/2”  x 11"  aspect  ratio),  or  1.74  x 10  elements 

per  microfiche  page.  When  the  2:1  zoom  capability  is  adapted,  the  effective 
resolution  required  at  the  scanner  is  3000  lines  by  2320  elements  per  line. 

This  corresponds  to  6.96  x 106  Elements  per  microfiche  page.  There  is  no 
advantage  in  using  more  elements,  since  the  display  cannot  resolve  them.  Fewer 
elements  result  in  reduced  legibility. 

The  resolution  of  microfiche  on  a good  quality  optical  viewer  is 
about  3 lp/mm  referred  to  the  original.  This  corresponds  to  1676  line 
vertical  resolution  with  1295  elements  across  the  line.  This  is  slightly  better 
than  the  terminal  resolution  limit.  Consequently,  the  resolution  obtained 
using  1500  elements  per  display  height  will  be  slightly  poorer  than  on  an 
optical  viewer.  Inasmuch  as  zoom  can  be  employed,  the  capability  exists  of 
obtaining  display  resolution  far  in  excess  of  the  optical  viewer. 

2.4.3  ELEMENTS  PER  PICTURE  VERSUS  TRANSMISSION  TIME 

Once  the  number  of  elements  per  picture  is  determined,  the  storage 
requirements  and  transmission  time  can  be  identified.  Table  2-2  shows  how 
these  parameters  are  affected  as  the  lines  per  picture  height  and  elements  per  line 
vary.  For  the  optimum  case  selected  all  6.96  x 10^  elements  per  page  must  be 
stored.  Only  one-quarter  of  these  elements,  1.74  x 10  bits,  need  to  be 
transmitted  for  either  the  normal  resolution  or  zoom  operational  mode.  This 


would  take  5.8  seconds  to  transmit  via  a 300,000  bps  modem. 
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TABLE  2-2 

ELEMENTS  PER  PICTURE  VERSUS  TRANSMISSION  TIME 


lines/  Picture 
HEIGHT 

ELEMCnTS/L'N^ 

! ELEMENTS/ 

Picture 

stored 

ElEME  NTE 

TRANSMITTED 

elements 

TRANSMISSION 

time 

1400 

1080 

1.51  xio6 

1.51  x IOfi 

1 .51  x IO* 

s.03  sec 

1500 

1 160 

1.74  X 10s 

1,74  x IOc 

1 .74  X IO* 

5.79 

1600 

1240 

1 ,98  x JO6 

1,98  XIO6 

1.98  x IO& 

6.6 

2000 

1550 

3.10  X lO6 

3,10  x lo6 

3.io  xios 

10,33 

2500 

1930 

4.825  xiO* 

* 

4.825  k lO6 

1,  21  X IOfc 

4.  on 

2800 

2160 

6.06  x 10  € 

*6.06  x tO6 

1.51  XIOft 

5.03  ^c. 

|| 

2320 

6 96x  IO* 

*6.95xiOc 

1 .74  x lO6 

n 

3200 

2460 

7. 9 1 x lO€ 

*7,  91  xio6 

1.98  X IOfe 

6.  € 
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2.4.4  PARAMETRIC  ANALYSIS 


In  establishing  the  system  parameters,  it  was  necessary  to  conduct 


the  analysis  parametrically,  at  least  until  most  of  the  system  components 


were  defined.  This  allowed  parameters  to  be  quickly  changed  and  system  per- 


formance rapidly  determined  for  alternative  configurations. 


An  illustration  of  one  tool  used  in  the  parametric  analysis  is  shown 


in  Figure  2-11.  Consider,  for  example,  the  case  of  3000  scan  lines  per  page.  The 


lower  left  hand  graph,  which  is  set  up  for  an  8-1/2  x 11  aspect  ratio,  gives 


7 x 10  elements  per  page.  The  upper  graph  determines  the  average  number  of 


users  sharing  the  computer's  mass  storage  (assuming  a 20  page  average  micro- 


fiche) . Forty  users  can  be  accommodated  for  the  case  of  no  data  compression  and 


a storage  size  of  eight  44M  word  discs  (16  bits  per  word).  Once  the  scanner 


bandwidth  is  selected,  2.0  Mbps  in  this  case,  the  time  required  to  scan  either 


one  microfiche  page  or  an  entire  microfiche  (containing  an  average  of  20  pages) 


can  be  determined  with  the  graph  on  the  right.  An  average  document  takes 


approximately  1-1/4  minutes  to  scan. 


A number  of  different  combinations  of  parameters  were  assessed  during 


the  analysis  for  different  equipment  alterm-.ives.  In  this  manner,  the  per- 


formance of  various  equipment  combinations  were  optimized.  Table  2-3  illustrates 


one  of  the  sets  of  system  parameter  lists  derived  (which  is  for  the  system  recom- 


mended in  Section  4). 
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TABLE  2-3 


SECTION  III 

CANDIDATE  EQUIPMENT  AND  SYSTEM  CONFIGURATION  SELECTION 


3.0 


GENERAL 


In  performing  the  definition  study  for  the  Microfiche  Scanner  and 
Remote  Display  System,  various  types  of  available  equipment  having  potential 
for  use  in  the  system  were  investigated.  The  general  requirements  established 
in  the  previous  section  were  used  as  a basis  for  identifying  and  culling 
promising  equipment. 


The  selection  process  of  the  major  system  elements  is  discussed. 
Where  many  equipment  alternatives  exist,  the  justification  for  selection  of  a 
particular  type  or  model  is  established  through  trade-off  analyses  and 
comparisons.  Equipment  selection  is  based  on  comparative  performance,  cost, 
reliability,  human  factors  and  availability;  and  experimental  tests  in  the 
case  of  the  display  terminal. 


The  emphasis  on  equipment  selection  has  been  directed  primarily 
towards  the  microfiche  scanner  and  remote  display  terminal  - two  critcal 
system  components  involving  direct  man/machine  interaction. 


For  other  functions,  such  as  the  computer  and  transmission  link, 
equipment  type  and  vendors  have  essentially  been  defined  by  the  government  in 
their  requirements.  The  selection  process,  therefore,  relates  more  to  defining 
peripherals,  storage  size  and  special  interfaces.  This  is  treated  in  detail 


for  the  recommended  system  in  Section  4.  Alternative  system  configurations, 
however,  are  identified  in  t’,.j.s  section  and  an  approach  is  reconnended . 
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3.1  MICROFICHE  SCANNER 

The  scanning  portion  of  the  overall  microfiche  scanner-remote  dis- 
play system  consists,  In  general,  of  the  following: 

Scanner 

Scanner  electronics 
Lens  (or  optical  system) 

Flche  transport 
Transport  controller 
Sensor 

Signal  processing  electronics 

Figure  3-1  shows  such  a generalized  system  In  block  diagram  form. 

3.1.1  DESCRIPTION  OF  CANDIDATE  SCANNING  SYSTEMS 

At  the  beginning  of  this  program,  a number  of  scanning  systems 
were  thought  to  have  the-  potential  of  meeting  the  requirements  associated 
with  a microfiche  scanner.  All  of  these  scanning  systems  had  been  used  for 
similar  applications  In  the  past  and  none  appeared  to  be  dependent  upon 
"state-of-the-art"  technology.  Specifically,  these  systems  were: 

1.  Image  Dissector 

2.  Flying  Spot  (CRT)  Scanner 

3.  Vidicon  Camera 

4.  Laser  Scanner 

5.  Solid  State  Scanner 

A brief  description  of  each  of  these  scanners  is  presented  below. 
Other  sections  of  this  report  will  be  devoted  to  a detailed  description  of 
the  analysis  which  led  to  the  selection  of  the  particular  scanning  system 
for  this  application. 
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3. 1.1.1 


Image  Dissector.  Figure  3-2A  shows  a sketch  of  an  image 


dissector  scanning  system.  In  such  a system,  the  page  to  be  scanned  is 


illuminated  from  the  back.  This  page  is  then  imaged  by  a lens  onto  the  photo- 


cathode of  the  image  dissector.  The  resulting  photoelectron  "image"  of  the 


page  is  electromagnetically  scanned  across  an  aperture.  At  any  instant  in 


time,  therefore,  the  number  of  electrons  passing  through  the  aperture  (the 
signal)  is  a function  of  the  illumination  at  a corresponding  location  on  the 
photocathode.  These  electrons  enter  an  electron  multiplier.  The  amplified 
signal  is  subsequently  fed  into  the  signal  processing  electronics  and  onto 


the  computer. 


3.1. 1.2 


Flying  Spot  Scanner.  Figure  3-2B  shows  a sketch  of  a flying 


spot  (CRT)  scanning  system.  As  shown  in  this  sketch,  a spot  of  light  is  gen- 


erated on  the  face  of  the  CRT.  This  spot,  in  turn,  is  demagnified  and  focussed 


onto  the  fiche.  As  this  spot  scans  the  page  on  the  fiche,  the  transmitted 


light  is  focussed  onto  the  face  of  the  photomultiplier  (PMT) . The  resulting 


photoelectrons  are  amplified  by  the  electron  multiplier  portion  of  the  PMT. 


The  output  current  from  the  PMT  is  fed  into  the  signal  processing  electronics 


and  onto  the  computer. 


3,1,1, 3 Vidicon  Camera.  A vidicon  camera  consists  of  a photoconduct ive 


target  and  a low  energy  electron  (read)  beam.  The  page  to  be  scanned  is  il- 


luminated from  the  back  and  its  image  is  focussed  onto  the  uniformly  charged 


photo conduct ive  target.  The  resulting  increase  in  the  conductivity  of  the 


target  elements  causes  the  surface  potential  of  these  elements  to  shift  to  the 


potential  of  the  backing  plate.  A potential  pattern  corresponding  to  the  imaged 
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page  is  thus  established  on  the  target.  To  generate  an  output  signal,  the 
target  is  scanned  by  the  low  energy  electron  beam.  This  beam  replaces  the 
charge  on  the  surface  of  the  target  and  shifts  the  target  elements  back  to 
their  original  potential.  This  charge  replacement  process  results  in  a capaci- 
tive current  through  the  target  which  is  proportional  to  the  amount  of  replace- 
ment charge  deposited  on  a particular  target  element.  As  with  the  other  scanners 
this  signal  current  is  fed  into  the  signal  processing  electronics  and  on  to  the 
computer-  Figure  3-2C  shows  a sketch  of  the  vidicon  camera  scanning  system. 


3,1. 1,4  Laser  Scanner.  The  laser  scanner  is  very  similar  in  operation 

to  the  flying  spot  scanner.  However,  in  the  case  of  this  scanner,  a laser  is 
used  to  generate  the  scanning  spot.  The  scanning  spot  is  obtained  by  first 
passing  the  laser  beam  through  a set  of  optics.  The  function  of  these  optics 
is  to  generate  a spot  of  light  that  is  uniform  in  intensity.  The  beam  is  then 
directed  unto  a scanning  spinner.  The  spinner  deflects  the  beam  through  a given 
angle  at  a uniform  angular  velocity.  The  beam  then  passes  through  an  objective 
lens  and  a field  flattening  lens.  Thus,  as  the  beam  moves  through  a given  angle, 
a focussed  spot  moves  across  the  width  of  a page  on  the  fiche.  During  each 
line  scan  interval,  the  fiche  is  moved  in  the  direction  of  the  page  height  a 
distance  equal  to  the  width  of  the  scanning  spot.  In  this  way,  the  entire  page 
can  be  scanned. 


As  with  the  flying  spot  scanner,  the  light  transmitted  through  the 
fiche  is  focussed  onto  the  face  of  a FMT  (or  photodiode)  and  the  resulting 
signal  fed  into  the  signal  processing  electronics.  Figure  3-2D  shows  schem- 
atically such  a scanning  system. 
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3, i.i. 5 Solid  State  Scanner.  "Solid  State  Scanners"  is  a broad  category 


which  includes  both  charge  coupled  arrays  and  photodiode  arrays.  These  arrays 


can  either  be  in  the  form  of  line  or  matrix  arrays.  In  this  application,  only 


the  line  arrays  have  enough  elements  to  become  potential  candidates. 


While  there  are  certain  differences  between  a charge  coupled  array 


and  a photodiode  array,  their  operation  and  the  operation  of  scanners  utilizing 


these  arrays  can  be  described  generally  as  follows: 


The  page  to  be  scanned  is  illuminated  from  the  back  and  the  first 


line  of  that  page  is  focussed  onto  the  array.  Electrons  are  accumulated  within 


each  element  of  the  array  in  proportion  to  the  intensity  of  the  light  focussed 


onto  each  element.  These  electron  "bundles"  are  then  transferred,  one  by  one. 


out  of  the  array  and  into  the  signal  processing  electronics.  During  the  time 


required  to  transfer  one  line  of  charge  bundles,  the  fiche  is  moved  in  the 


direction  of  the  page  height  a distance  equal  to  the  line  height.  In  this  way. 


the  entire  page  is  scanned.  Figure  3-2E  shows  schematically  such  a solid  state 


scanner. 


3,1.2  SELECTION  OF  MICROFICHE  SCANNING  SYSTEM 


As  a result  of  analyzing  the  requirements  of  the  entire  Microfiche 


Scanner  and  Remote  Display  System,  a set  of  functional  and  technical  specifications 


for  the  scanning  portion  of  the  system  were  established.  These  specifications  are: 


Functional  Specifications 


Scan,  digitize  and  transmit  data  recorded  on 
the  microfiche 


Interact  with  the  computer: 
Accept  commands 
Transmit  data  and  status 


: 


9. Oran  x 11. 6mm 


Technical  Specifications 
Scan  format 
if  of  pixels/  line  - 2320 

if  of  lines/page  - 3000 

Output  bit  rate  - 2 Mbits /sec 

In  addition,  the  analysis  presented  in  Appendix  A showed  that  in 
order  to  realize  virtually  100%  accurate  digitization  of  the  output  data,  the 
scanner  should  have  an  output  signal-to-noise  ratio  of  at  least  20:1  at  the 
130  lp/mm  (2320/9. Oran)  operating  resolution. 

With  these  functional  and  technical  specifications  being  requirements 
of  any  scanning  system  selected,  each  of  the  candidate  scanners  discussed  in 
Section  3.1.1  were  evaluated  with  respect  to  their 

availability  as  an  "off-the  self"  system 
theoretical  performance 
estimated  cost 

estimated  reliability  and  maintainability 

3. 1.2.1  Availability.  An  extensive  search  was  made  to  determine 

whether  any  of  the  candidate  scanning  systems  were  presently  available  as 
fully  developed  systems.  In  addition,  inquiries  were  made  to  determine 
whether  systems  utilizing  the  same  basic  subsystems  and  concepts,  but  for 
other  applications  (e.g.  image  digitizers,  laser  recorder,  etc.)  could  be 
adapted  to  this  application  in  a cost-effective  manner.  The  conclusions 
drawn  from  this  effort  were  the  following: 

a.  No  microfiche  scanning  system  having  all  of  the 
required  functional  and  technical  specifications 
is  available  as  a fully  developed  system. 


b.  Modifications  of  similar  scanning  systems  presently 
being  used  for  other  applications  can  not  be  made 
in  a cost-effective  manner. 

c.  All  of  the  subsystems  and  components  required  to 
fabricate  any  of  the  candidate  systema  are  commer- 
cially available  and  none  depend  upon  "state-of- 
the-art"  technology. 


The  subsequent  performance,  cost  and  reliability-maintainability 
evaluations  of  the  candidate  systems  were,  therefore,  conducted  on  systems 
configured  around  commercially  available  subsystems  and  components. 


3. 1.2. 2 Performance  Analysis.  Signal-to-noise  models  were  developed 

for  each  of  the  candidate  scanning  systema.  These  models  and  their  derivations 
are  presented  in  Appendix  A. 


Using  these  models,  or,  where  appropriate,  variations  of  these 
models,  the  theoretical  performance  (signal-to-noise  ratio  vs  spatial  fre- 
quency) of  each  of  the  systems  was  determined.  Figure  3-3  presents  graph- 
ically the  results  of  this .analysis.  The  actual  approach  used  in  generating 
these  curves  and  data  on  selected  subsystems  and  components  are  presented  in 
the  following  sections. 


3. 1.2. 2.1  Performance  Analysis  of  the  Image  Dissector  Scanning  System. 

* 


The  image  dissector  used  in  this  analysis  was  an  EMR  model  #575.  Data  on 
this  and  other  components  used  in  determining  the  performance  of  the  image 
dissector  scanning  system  are  presented  in  Table  3-1.  Also  presented  in  this 
table  are  values  of  other  parameters  used  in  the  analysis. 


*EMR  Photoelectric,  Princeton,  New  Jersey 
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TABLE  3-1 


DATA  USED  IN  GENERATING  PERFORMANCE 
CURVE  FOR  IMAGE  DISSECTOR  SCANNING  SYSTEM 


Fiche 

Lens 

Illumination 

Flche-to-Dissector  Linear 
Magnification 

*Aperture  Size 

♦Dissector  Response 


Dissector  Photocathode 

Multiplier  Gain 

Secondary  Emission  Ratio  of 
Multiplier  Dynodes 

Video  Bandwidth 


4:1  contrast  ratio 

SO  mm  diameter 
#/f  - 2 

0.8  transmission  coefficient 
2 watts /cm^  at  back  surface  of  fiche  (2870°K) 

2.7X 


18  micron  diameter 

t determined  from  formula  A-13 
«P 

t.  adjusted  to  give  50%  dissector  response 
8 at  20  lp/mm  at  face  of  dissector 
(EMR  spec,  for  #575  dissector) 

S-20 


2.2 


1 MHz 


Load  Impedance 


1 x 10+5  ohms 


■*.  S]wi? r ' 


3 . 1 . 2 . 2 . 2 Performance  Analysis  of  the  Flying  Spot  Scanning  System.  The 

* 


CRT  package  selected  for  use  In  this  study  was  the  Celco  , five  inch  display 
system,  Model  D5S-10-3.  Pertinent  data  on  this  display  system  and  values  of 
other  model  parameters  are  presented  in  Table  3-2. 


3. 1.2. 2. 3 Performance  Analysis  of  Vidicon  Camera  Scanning  Systems.  Three 
different  vidicon  camera  scanning  systems  were  analyzed;  a system  containing  a 
1"  vidicon,  one  containing  a 1-1/2"  vidicon  and  one  containing  a 2"  vidicon. 


The  vidicon  tubes  used  in  this  analysis  were  Westinghouse  slow  scan 


vid icons 


#WX-5111  (1") 

#WX-5161  (1-1/2") 

#WX-5156  (2") 


Response  values  for  these  vidicons  were  obtained  from  information 

supplied  by  Westinghouse.  In  addition,  data  relating  flat  field  signal  current 

to  exposure  for  a 2 seconds/ frame  scan  time  was  supplied.  This  flat  field 

signal  current  data  eliminated  the  need  to  assign  individual  values  to  many 

of  the  parameters  in  the  analytical  model.  That  is,  the  flat  field  signal 

current  is  "I"  as  defined  by  equations  A-57  and  A-58  in  Appendix  A.  Thus,  the 
o 

vidicon  signal-to-noise  equation  A-84  reduces  to: 


S 

N 


2M.  T.T  ...  I 
i L vidicon  o 


(3-1) 


1/2 


Where, 


+ 2eIdAf  + 2eIoAf  + 2en,Af <ngf f+l)  Iq  J 
n is  the  non-wavelength  dependent  equivalent  of 

61 X 


♦Constantine  Engineering  Laboratories  Co.,  Mahwah,  New  Jersey 
♦Westinghouse  Electric  Corp.,  Electron  Tube  Div.,  Horseheads,  N.Y. 
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TABLE  3-2 


DATA  USED  IN  GENERATING  PERFORMANCE 
CURVE  FOR  FLYING  SPOT  SCANNING  SYSTEM 


Flche 

4:1  contrast  ratio 

Objective  Lens 
(diffraction  limited) 

50  mm  diameter 
#/f  - 2 

0.8  transmission  coefficient 

Collecting  Lens 

0.8  transmission  coefficient 

*Spot  Size  on  CRT  Face 

0.001"  between  2o  points 

Linear  Magnification  Factor 

0.2 

*CRT  Beam  Current 

1 x 10-6  amps 

CRT  Accelerating  Voltage 

2.2  x 10+4  volts 

CRT  Phosphor  Dead  Voltage 

2.0  x 10+^  volts 

*CRT  Phosphor 

P-11 

PMT  Photocathode 

S-20 

Multiplier  Gain 

1 x 10+A 

Secondary  Emission  Ratio  of 
Multiplier  Dynodes 

2.2 

Video  Bandwidth 

1 MHz 

Load  Impedance 

1 x 10+^  ohms 

The  data  supplied  by  Westinghouse  that  was  used  in  this  analysis 
and  values  of  other  model  parameters  are  present  in  Table  3-3. 

3. 1.2. 2. 4 Performance  Analysis  of  the  Laser  Scanning  System.  No  specific 

manufacturer's  subsystems  or  components  were  selected  in  analyzing  the  laser 
scanning  system.  The  analysis  was  performed  solely  on  the  basis  of  the  gen- 
eralized data  presented  in  Table  3-4. 


3. 1.2. 2. 3 Solid  State  Scanning  System.  The  solid  state  arrays  selected 
for  use  in  this  analysis  were  the  Ret  icon*  1872  element  photodiode  array  and 
the  Retlcon  512  element  photodiode  array. 

"Combining"  these  two  arrays  results  in  an  equivalent  2384  element 
array  which  can  be  used  to  scan  the  width  of  a page  on  the  microfiche.  This 
array  size  is  consistent  with  the  2320  pixels/line  requirement  for  the  scanner. 

For  the  most  part,  the  analytical  model  developed  for  the  solid  state 
scanning  system  was  not  used  in  this  analysis.  Only  theoretical  values  for  the 
responses  associated  with  the  scanner  (i.e.  lens  MTF,  image  motion  MTF  and  array 
MTF)  were  used.  Signal-to-noise  data  used  in  this  analysis  was  data  supplied 
by  Reticon  on  the  actual  arrays.  They  state  that  at  saturation  exposure,  the 
flat  field  signal -to-nolse  ratio  is  400:1  or  better. 

The  equation  used  to  obtain  the  S/N  vs  spatial  frequency  curve  for 
this  system  was,  therefore, 


scanner 


• 'v.(t) 


lat  field  at  saturation  exposure 


*Reticon  Corporation,  Sunnyvale,  California 


TABLE  3-3 


DATA  USED  IN  GENERATING  PERFORMANCE  CURVES 
FOR  YlOlCuH  CAMERA  SCANNING  StSTFMS 


Fiche 


Objective  Lens 
(diffraction  limited) 


*Expoaure  Level  at  Photoconductor 
Surface 


4:1  contrast  ratio 

50  mm  diameter 
#/f  - 2 

0.8  transmission  coefficient 
7.5  x 10"5  joules/cm2  (2870°K, 


Surface  1/2  saturation  level) 

Effective  Quantum  Efficiency  (n^)  0.8 


Readout  Efficiency 
Video  Bandvldth 
Load  Impedance 


0.9 
1 MHz 

1 x 10+^  ohms 


PARAMETERS  DEPENDENT  ON  VIDICON  SIZE 


♦Output  Current  for  3 sec/frame 
readout  (at  above  exposure  level) 

♦Dark  Current 

♦Vidicon  Response  at: 


Spatial  frequency 
referred  back  to 
microfiche  plane 


♦From  Veetinghouse  data 


10  na 
0.2  na 


1-1/ 2” 
26  na 
0.5  na 


10  lp/mm 

.90  .95 

20 

e 

o* 

00 

00 

o* 

40 

.22  .55 

60 

.06  .23 

80 

.10 

100 

* .03 

50  na 

1.0  na 

.98 

.92 

.75 

.54 

.32 

.15 

.07 


Fiche 

4:1  contrast  ratio 

Objective  Lens 
(diffraction  limited) 

50  mm  diameter 
#/f  - 6 

0.8  transmission  coefficient 

Collecting  Lens 

0.8  transmission  coefficient 

Beam  Shaping  Optics 

0.4  transmission  coefficient 

Spinner 

0.4  transmission  coefficient 

Laser 

4.0  milliwatt,  He-Ne 

*Laser  Noise  Factor 

10 

PMT  Photocathode 

S-20 

Multiplier  Gain 

1 x 10+3 

Secondary  Emission  Ratio  of 
Multiplier  Dynodes 

2.2 

Video  Bandwidth 

1 MHz 

Load  Impedance 

1 x 10+3  ohms 

*From  "Noise  Power  Spectrum  Characteristics  for  an  He-Ne  Laser  Operating  under 
Various  Discharge  Conditions",  A.  Waksberg  and  J.  Wood,  The  Review  of 
Scientific  Instruments,  Vol.  40,  //10,  October  1969,  pp.  1306-1313. 
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It  is  recognized  that  this  equation  is  very  simplistic  and  can 
only  approximate  actual  scanner  performance  in  the  case  where  the  output 
noise  current  is  independent  of  the  exposure  level.  However,  in  a system 
such  as  this,  where  there  is  no  signal  amplification  before  the  preamp,  the 
output  noise  current  generally  is  independent  of  the  exposure  level. 

Pertinent  data  on  the  Reticon  arrays  and  values  of  certain  other 
parameters  used  in  this  analysis  are  presented  in  Table  3-5. 


TABLE  3-5 

DATA  USED  IN  GENERATING  PERFORMANCE 
CURVE  FOR  SOLID  STATE  SCANNING  SYSTEM 


t 


\ 


I 

3. 1.2. 2. 6 Conclusion.  As  can  be  seen  from  Figure  3-3,  only  three  of 
the  candidate  scanning  systems  exhibit  the  required  signal-to-noise  ratio  of 
20:1  or  better  at  the  130  lp/ma  operating  resolutions.  They  are: 

Laser  Scanner 
Solid  State  Scanner 
Flying  Spot  Scanner 

These  three  systems  were  carried  on  into  the  cost  and  reliability- 
maintainability  analyses.  The  other  scanning  systems  were  dropped  at  this 

i 

point. 


3. 1.2. 3 Cost  Analysis.  A cost  analysis  was  performed  on  the  three 

scanning  systems  exhibiting  acceptable  performance  characteristics.  This 
analysis  was  performed  only  to  the  extent  of  determining  an  estimate  of  the 
relative  cost  of  fabricating  each  of  the  three  systems. 

The  procedure  used  in  this  analysis  was  to  first  establish  general- 
ized system  block  diagrams  of  each  scanner.  With  the  aid  of  these  diagrams, 
those  subsystems  and  components  commcn  to  all  three  systems  were  identified. 
Subsequently,  those  "blocks"  common  to  only  two  of  the  three  scanners  and 
those  blocks  unique  to  each  scanner  were  identified.  The  system  block  diagrams 
are  presented  in  Figures  3-4  through  3-6.  Those  blocks  coimnon  to  all  three 
scanners  have  been  cross-hatched. 
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FLYING  SPOT  SCANNING  SYSTEM  BLOCK  DIAGRAM 
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Naturally,  those  blocks  common  to  all  three  systems  add  equally  to 
the  cost  of  all  three  systems  while  any  unique  blocks  contribute  solely  to 
the  cost  of  that  particular  system. 

An  effort  was  also  made  to  identify  and  separate  nonrecurring 
(first  scanner)  from  recurring  (additional  scanners)  costs  associated  with 
fabricating  each  scanner. 


The  results  of  this  analysis  is  presented  in  the  form  of  a cost 
matrix  in  Table  3-6.  Presented  in  this  table  are  the  estimated  relative  costs 
of  one  unit  and  two  units  of  each  of  the  three  scanners.  The  costs  have  been 
normalized  with  the  lowest  cost  being  set  equal  to  "1". 

It  is  apparent  from  the  table  that  the  estimated  cost  of  fabricating 
the  solid  state  scanner  is  substantially  less  than  the  cost  of  fabricating 
either  of  the  other  two  systems. 


TABLE  3-6 

SCANNING  SYSTEMS  COST  MATRIX 


r CANNING 
SYSTEMS 

RELATIVE 

COST 

1 UNIT 

2 UNITS 

FLYING  SPOT 

1.5 

2.3 

LASER 

1.4 

2.1 

SOLID  STATE 

1 

1.4 
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Reliability  and  Maintainability  Analysis.  An  analysis  of 


reliability  and  maintainability  was  performed  for  each  of  the  three  scanning 


systems  selected  on  the  basis  of  the  performance  analysis. 


The  procedures  used  to  predict  reliaDility  sre  generally  referred 


to  as  the  "part  failure  method"  which  is  based  on  the  premise  that  system 


malfunctions  are  a reflection  of  part  failures.  When  failures  are  considered 


constant  over  the  time  period  of  interest,  the  system  failure  rate  can  be 


determined  by  the  addition  of  individual  part  failure  rates  (assuming  that 


the  elements  art  connected  in  series).  The  failure  istes  are  generally  ex- 


pressed in  "failureo/106  hours"  with  the  Kean  Time  Between  Failures,  MTBF, 


being  the  reciprocal  of  the  failure  rate. 


In  estimating  maintainability,  both  preventative  and  corrective 


maintenance  tasks  were  considered.  Failure  rates  as  determined  by  the  re- 


liability analysis  were  used  to  estimate  the  frequency  and  type  of  corrective 


maintenance  tasks.  Preventative  maintenance  tasks  were  determined  from  a re- 


view and  evaluation  of  components  and  assemblies  of  each  scanner.  The  man- 


hours required  for  preventative  and  corrective  maintenance  tasks  were  estimated 


on  the  basis  of  In-house  experience  on  similar  hardware  components  and  assemblies. 


Since  detailed  designing  of  each  of  the  three  candidate  scanning  sys- 


tems was  beyond  the  scope  of  this  program,  the  reliability  and  maintainability 


indices  determined  from  this  analysis  ate  only  "ballpark"  values.  However, 


these  values  are  considered  valid  for  comparative  evaluation  since  additional 


complexities  resulting  from  such  detailed  designing  would,  in  general,  be 


common  to  all  three  systems. 


• V 


I,:/ 


■*-  -v  .“v  4 " '■</! ■■  v 1 


3. 1.2. 4.1  Reliability  Analysis.  The  steps  that  were  used  in  determining 

the  overall  failure  rates  of  each  of  the  candidate  scanning  systems  were: 


Prepare  a reliability  block  diagram  (Note  - Diagram  does  not 
represent  signal  flow). 

Determine  complexity  factor  for  each  major  block  in  terms  of 
active  parts  and  quantities. 

Determine  failure  rate,  X,  for  each  active  part  in  terms  of 
failures/10^  hrs. 

Perform  summation  of  part  failure  rates  for  each  block  of 
the  reliability  diagram. 

Determine  system  failure  from  summation  of  block  failure 
rates. 


In  addition,  a cornnon  growth  factor  was  included  in  the  predictions 
for  each  system.  This  factor  covers  presently  undefined  elements  such  as 
interconnecting  cables,  operating  switches,  control  and  status  displays,  etc. 

The  results  of  this  analysis  are  presented  in  Figures  3-7  through  3-9. 


3. 1.2. 4. 2 


Maintainability  Analysis.  The  following  assumptions  were 


made  in  estimating  yearly  downtime  for  both  corrective  and  preventative 
maintenance  tasks. 

The  scanner  is  operated  for  2000  hours/year. 

The  scanner  is  designed  for  modular  replacement. 

Corrective  maintenance  tasks  are,  in  general,  limited  to 
replacement  of  modules  or  plug-in  circuit  boards. 

Spare  parts  are  readily  available  to  support  the  scanner. 

Preventative  maintenance  tasks  are  performed  during  normal 
working  hours  with  the  scanner  not  operating. 
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Controller  * 

30.0 
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RELIABILITY  ANALYSIS  FOR 
FLYING  SPOT  SCANNING  SYSTEM 


FIGURE  3-8 


3. 1.2. 4. 2.1  Preventative  Maintenance  Tasks.  Preventative  maintenance 


tasks  are  performed  on  a periodic  basis  to  assure  availability  of  an  oper- 
ational system  with  minimum  down  tine.  For  the  three  candidate  scanners, 
these  tasks  are  mainly  associated  with  active  mechanical  components  and 


other  components  that  have  limited  operational  life.  Operating  tasks  (e.g. 
setting  up,  adjusting,  running  and  general  housekeeping)  that  are  required 


during  use  of  the  scanners  are  not  considered  as  preventative  maintenance. 


A summary  of  the  results  of  this  analysis  is  presented  in  the  first 
column  of  Table  3-7.  Details  of  the  analysis  are  presented  in  Appendix  D. 


TABLE  3-7 

SUMMARY  OF  MAINTAINABILITY  ANALYSIS 


LASER 

FLYING  SPOT 

SOLID  STATE 
ARRAY 


MAINTENANCE  TIME 

* 

(Manhours/yr . ) 


PREVENTATIVE 

MAINTENANCE 


CORRECTIVE 

MAINTENANCE 


'Based  on  2000  hours  of  operation/year. 
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3. 1.2. 4. 2. 2 Corrective  Maintenance  Tasks.  The  time  per  year,  T^,  re- 


quired to  perform  corrective  maintenance  tasks  was  estimated  for  each  of 


the  candidate  scanners  using  the  following  formula: 


XCM  “ MTBF  X Mct  X 


where. 


T » yearly  derating  time  (2000  hours  assumed) 


MTBF  * Mean  Time  Between  Failure  from  reliability  data 


M ■ average  time  for  a corrective  maintenance  task 
ct 


f^  ■ learning  factor 


3. 1.2. 4. 2. 2.1  Estimation  of  The  average  time  for  a corrective  main- 

tenance task,  M , covers  replacement  of  failed  item  and  reteat  of  the  system. 
Average  replacement  time,  T , covers  such  tasks  as  isolation,  disassembly. 


reassembly,  alignment  and  subsystem  checkout. 


The  average  replacement  time,  T^,  in  manhours  was  determined  for 


each  scanner  using  the  following  equation: 


Z<W  X2t2‘— W 


where. 


X - total  failures/10°hours  (Reliability  data) 


A • failure  rate  of  applicable  block 


t * estimated  time  of  repairing  each  block 


The  time  required  for  scanner  retest  is  then  added  to,  T^,  to 


obtain  values  for  M . 
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3. 1.2. 4. 2. 2. 2 Estimation  of  . Experience  has  shown  that,  with  equipment 
that  has  little  or  no  history  associated  with  it,  the  derived  values  for 
M are  generally  smaller  than  the  actual  corrective  maintenance  times.  This 
is  primarily  due  to  the  fact  that  there  is  a learning  curve  associated  with 
repairing  such  equipment.  Some  factors  that  can  result  in  larger  values  of 


tl  are: 
ct 


a.  Primary  failure  results  in  a secondary  failure  which 
requires  additional  repair  time. 

b.  During  repair  for  primary  cause,  repairman  observes 

a condition  that  in  his  judgement  should  be  corrected. 

This  "over  repair"  action  increases  the  total  maintenance 
time. 

c.  Repair  operations  results  in  secondary  or  additional  failure. 

d.  Instructional  procedures  have  not  been  checked  out. 


To  take  into  account  these  various  factors,  a value  of  4 was 
assigned  to  the  learning  factor,  t»  . 


The  numerical  analysis  used  to  determine,  T w,  for  each  of  the 

CM 

candidate  scanners  is  presented  in  tabular  form  in  Appendix  D.  The  results 
of  this  analysis  are  presented  in  the  second  column  of  Table  3-7. 


The  total  maintenance  time  per  year  associated  with  each  scanner 
is  simply  the  addition  of  the  times  required  to  perform  both  the  preventive 
maintenance  and  the  corrective  maintenance.  These  times  are  shown  in  the 
third  column  of  Table  3-7. 


3. 1.2.4. 3 Conclusion.  The  reliability  and  maintainability  analysis 


shows  that  all  three  candidate  scanning  systems  have  low  enough  "down 


times"  to  make  them  acceptable  systems  for  this  application. 


From  a practical  standpoint,  the  Laser  Scanning  System  and  the 


Solid  State  Scanning  System  are  identical  with  respect  to  reliability  and 


maintainability . 


The  Flying  Spot  Scanning  System  has  the  largest  failure  rate 


(smallest  MTBF) . The  small  MTBF  is  primarily  due  to  the  electronic  complex- 


ity associated  with  the  CRT  electronics.  However,  since  the  circuit  boards 


making  up  the  CRT  electronics  are  readily  replaceable,  there  is  no  significant 


difference  in  down  time  between  all  three  systems. 


3. 1.2. 5 


Summary  of  Candidate  Scanning  Systems  Selection  Analyses.  The 


results  of  the  selection  analyses  discussed  in  the  above  sections  can  be 


summarized  as  follows: 


a,  Only  the  Laser,  CRT  Flying  Spot  and  Solid  State 
Scanning  Systems  exhibit  the  required  performance 
characteristics  for  use  in  this  application. 


b.  None  of  these  three  systems  are  available  as  fully 
developed  systems  but  all  can  be  fabricated  from 
commercially  available  subsystems  and  components. 


c.  The  estimated  cost  of  fabricating  the  solid  state 
scanner  is  substantially  less  than  the  cost  of 
fabricating  either  of  the  other  two  systems. 


d.  The  reliability  and  maintenance  effort  associated 
with  each  of  the  three  systems  are  such  as  to 
make  all  three  systems  acceptable  for  this  application. 


Based  upon  this  analysis  and  the  above  conclusions,  the  Solid 


State  Scanning  System  is  recommended  for  use  in  the  Microfiche  Scanner  and 


Remote  Display  System. 


% '■  ■ v*. [,'• 


|V  1 r-  ' *9 

• i ■ :j  1 g . - 'r'  H 


66 


DISPLAY  TERMINAL 


Of  all  of  the  system  components  the  remote  display  terminal  is  the 


only  equipment  with  which  the  analyst  must  directly  interface.  The  display 


terminal,  therefore,  must  be  subject  to  the  most  critical  evaluation.  Sub- 


jective human  factors  in  addition  to  functional  requirements  and  performance 


must  be  considered  during  the  selection  of  an  appropriate  display  terminal. 


Display  terminal  aelection  criteria  is  established  in  thib  section. 


available  display  terminal  equipment  is  tevieved,  and  the  most  promising 


units  identified.  Finally,  a display  terminal  is  recommended. 


3.2.1  DISPLAY  TERMINAL  SELECTION  CRITERIA 


In  order  to  evaluate  the  display  terminal  and  objectively  choose  the 


most  suitable  unit,  a selection  criteria  based  on  the  system  requirements  is 


first  established.  This  selection  criteria  in  conjunction  with  experimental 


results  will  determine  the  final  display  selection. 


Display  Size  - The  display  monitor  screen  shall  be  at 
least  8-1/2  Inches  wide  by  11  inches  high  so  that  a 
standard  document  on  microfiche  will  be  displayed  at 
least  full  size. 


Resolution  - The  resolution  of  the  display  shall  be 
at  least  1200  elements  a?  50%  response  along  the 
picture  height. 


c.  Flicker  - The  display  must  be  flicker-free  to  prevent 

operator  fatigue.  In  the  case  of  a non-storage  display, 
the  phosphor  type  and  t.-u  refresh  rate  must  be  optimized 
to  achieve  this  condition. 


d.  Geometric  Distortion  - Must  be  less  than  1-1/2%  over  the 
entire  format. 


e.  Writing  Speed  - For  storage  display  fvoes  the  writing 

speed  must  be  sufficient  to  display  r-s.  entire  page  within 
5 seconds.  For  refresh  tube  *"ypeb , fio-ies  must  be  written 
at  a rate  consistent  with  preventing  flicker. 
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f. 


Character  Generation  - The  terminal  must  be  capable  of 
providing  a complete  ASCII  character  set. 

Keyboard  - A send-receive  keyboard  must  be  provided  capable 
of  generating  a full  ASCII  character  set. 

h.  Mode  Change  - The  display  must  operate  in  both  a digital 
and  analog  mode  by  keyboard  command.  Data  and  commands 
will  be  transmitted  in  the  digital  mode.  Displayed  images 
of  microfiche  will  utilize  the  analog  circuitry  (conven- 
tional TV  raster  mode). 

i.  Transmission  Link  Compatibility  - The  display  unit  must 
be  compatible  with  the  transmission  link  modems  or  inter- 
face unit  when  operating  in  both  the  analog  and  digital 
modes . 

j.  Brightness  - The  display  must  have  adequate  brightness  for 
use  in  a well  lit  room.  A faceplate  light  hood  may  be 
provided . 

3.2.2  DISPLAY  TERMINAL  TYPES  & RECOMMENDATION 

Until  quite  recently  the  cathode  ray  tube  was  virtually  the  only  means 
for  displaying  visual  information.  However,  other  devices  are  now  available. 

These  display  devices  include:  large  screen  projection  displays,  plasma  displays, 

liquid  crystal  panels,  laser  holographic  approaches  and  other  laboratory  developments 
Only  the  CRT's  are  being  considered  in  this  study  because  they  are  still  the 
cheapest  and  most  fully  developed  method  of  displaying  information. 


Two  types  of  CRT  displays  are  being  considered;  the  refresh  type 
(non-storage  tube)  and  the  direct  view  storage  tube.  Both  have  essentially  the 
same  basic  block  diagram,  which  appears  in  Figure  3-10.  Common  functions 
include  the  display  control  circuits,  character  and  function  generators,  keyboard 
and  display  unit.  The  "refresh"  memory  is  not  required  for  storage  tube  types. 


HIGH  RESOLL  jH  CRT  DISPLAYS 
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3. 2. 2.1 


Non-Storage  Display  - The  conventional  cathode  ray  tube  comprises 


the  bulk  of  available  display  units  manufactured.  These  devices  do  not  store 


Images  but  rely  on  the  phosphor  persistence  and  rewriting  of  data  or  "refresh" 


at  a rate  that  prevents  flicker. 


Refreshed  CRT  terminals  are  usually  of  two  distinct  types;  low-cost 


limited  capability,  or  sophlsticateo  high  performance,  multi-featured  displays. 


The  former  are  generally  limited  to  about  1000  element  resolution.  They  are 


not  suitable  for  displaying  small  text  and  therefore  have  no  utility  for  the 


system  under  study. 


In  the  sophisticated  refreshed  CRT  system  multiple  features  are  added 


and  high  performance  is  generally  stressed.  These  CRT  systems  take  a variety 


of  forms  and  vary  in  intelligence.  Some  are  supplied  as  video  monitors;  others 


have  character  generators,  graphics  stroke  generators,  refresh  memories,  and 


send/receive  keyboards.  A number  of  systems  are  packaged  as  complete  graphic 


systems  including  the  host  computer  and  software.  The  systems  vary  widely 


in  resolution,  format  size,  cost  and  other  specifications. 


In  selecting  CRT  systems  for  consideration,  the  resolution  capability 


was  first  used  to  pull  out  unacceptable  units.  By  applying  the  criterion  of 


1200  elements  resolution  per  picture  height  - which  is  an  absolute  minimum  for 


acceptable  document  legibility  - the  number  of  available  displays  was  sharply 


reduced.  Table  3-8  lists  the  displays  that  appear  to  have  sufficient  resolution 


to  display  microfiche  documents.  The  major  display  characteristics  are  also 


listed. 
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TEKTRONIX  #4014  DISPLAY  TERMINAL  TARGET  STRUCTURE 
FIGURE  3-11 


3. 2. 2. 2 Direct-View  Storage  Display  - The  direct-view  storage 

display  also  represents  a candidate  CRT  display  applicable  to  the  Microfiche 
System.  This  display  has  the  ability  to  store  information  on  the  phosphor 
screen.  Video  information  only  has  to  be  transmitted  once  to  be  stored.  This 
eliminates  the  need  for  a local  memory  and  associated  refreshing  circuitry 
and  results  in  a flickerless  display  which  does  not  cause  fatiguing  image 
motion  effects. 

A number  of  storage  CRT  displays  are  manufactured  by  different 
vendors.  The  unit  that  appears  most  suitable  in  terms  of  performance  and 
cost  is  the  Tektronix  Model  #4014  Di°nlay  Terminal.  This  terminal  has  an 
11  inch  x 15  inch  storage  screen  capable  of  over  1500  element  resolution 
(15  inch  dimension)  under  controlled  operation.  The  display  terminal  has  a 
full  ASCII  keyboard  and  5x7  dot  matrix  character  generator.  Interfaces 
are  available  which  allow  operation  in  both  an  alphanumeric/graphical  or 
analog  (conventional  TV  raster)  mode.  The  unit  is  extremely  attractive  from 
a human  factors  viewpoint  as  it  has  a high  contrast,  bright  (to  the  human 
eye  response),  motionless  display.  A hard  copy  unit  can  also  be  added. 

The  bistable  storage  screen  is  the  unique  element  of  the 
direct-view  storage  CRT  that  allows  storage.  The  theory  of  operation  is 
well  documented  in  the  literature^  ’ ^ and  will  not  be  repeated  here. 

The  Tektronix  #4014  Display  Terminal  has  a "raised-collector"  target  (screen) 
structure,  shown  in  Figure  3-11,  with  a 6.7  mil  array  pattern  that  tends  to 
quantize  the  stored  spot.  Thus  the  minimum  spot  size  obtained,  when  writing 
at  a controlled  rate,  can  be  inscribed  in  a 6.7  x 6.7  mil  square. 

(1)  "Storage  Cathode-Ray  Tubes  & Circuits",  Tektronix,  Inc. 

Publication  1969 

(2)  B.  Kazan  & M.  Knoll,  "Electronic  Image  Storage",  Academic  Press  1968 


73 


ip/ mm  ip/mm 

.013  . 0095 

Dia  Dia 

850  | H60  Elements/Line 


TEKTRONIX  STORAGE  DISPLAY  RESOLUTION 

FIGURE  3-12 
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Figure  3-12  illustrates  the  limiting  resolution  of  the  #4014  Display 
as  being  approximately  1160  elements  per  line  (11"  width)  for  an  optimum 
spot  diameter  of  about  0.009  inches.  This  is  equivalent  to  more  than  1500 
elements  across  the  picture  height.  Writing  at  a slower  rate,  or  with  more 
beam  current,  will  generally  produce  a larger  spot.  Less  beam  current 
produces  a pronounced  quantizing  effect  and  causes  triangular  shaped  patterns 
such  as  illustrated  on  the  left.  By  using  a controlled  writing  rate,  the 
optimum  resolution  can  be  maintained  over  the  entire  display  screen. 


Many  simulation  experiments  (described  in  Appendix  B)  were  performed 
during  this  study  using  t.,e  Tektronix  #4014  Display  Terminal.  The  tests 
confirmed  the  superiority  of  the  #4014  and  resulted,  after  conducting  an 
overall  assessment,  in  its  selection  as  the  recommended  display  terminal. 


3. 2. 2. 3 Display  Terminal  Recommendation  - The  Tektronix  #4014  Display 

Terminal  is  the  recommended  unit  for  the  Microfiche  Scanner  and  Remote  Display 
System.  In  summary,  its  performance  proved  to  be  superior  to  non-storage 
displays  in  comparative  tests.  It  is  capable  of  high  resolution,  can  store 
an  image  for  long  periods  of  time,  has  a large  format,  is  very  conservative  of 
bandwidth,  and  displayed  data  can  be  readily  zoomed.  The  display  had 
considerable  viewer  appeal  during  simulation  demonstrations  for  FTD  and  RADC 
personnel,  primarily  because  of  its  flicker-free,  bright,  high  contrast 
performance.  The  unit  has  a built-in  keyboard  and  function  generators  and  can 
be  vertically  mounted.  It  doesn't  require  a refresh  memory.  The  display 
terminal  is  commercially  available  at  reasonable  cost  with  a one  year  guarantee. 
Tube  life  is  several  thousand  hours  (replace  tubes  can  be  purchased) . 
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3.2.3  BUFFER  MEMORY  FOR  NON-STORAGE  CRT  DISPLAY 


During  the  search  for  a suitable  non-storage  CRT  display,  a comparison 
was  made  of  the  various  types  of  buffer  memories  available,  since  all  non-storage 
type  devices  have  to  be  constantly  refreshed  to  prevent  the  image  from  fading. 
Therefore,  each  CRT  terminal  either  has  to  receive  a data  image  repeatedly  and 
at  a high  rate  from  the  computer  or  else  has  to  have  its  own  refresh  image  buffer. 
Siuce  the  computer  can  not  transmit  data  at  the  required  rate  (even  if  it  could, 
the  situation  would  be  impractical  as  the  computer  would  be  tied  up  for  as  long 
as  r terminal  user  was  viewing  an  image),  the  choice  has  to  be  individual  refresh 
buffers. 

The  buffers  were  all  compared  using  the  assumption  that  a CRT  would 
be  capable  of  displeying  1350  lines  each  with  1200  elements  of  information  or 
1.62  x 10*  bits  of  information  (these  were  preliminary  parameters  used  early  in 
the  study).  Depending  on  the  frame  rate  and  interlace  scheme  selected  (which  are 
contingent  on  the  acceptable  screen  flicker  rate),  the  buffer  must  be  able  to 
transmit  data  at  a rate  somewhere  between  15  and  50  megabits/second.  Data 
capacity  and  data  rate,  then,  are  the  two  main  requirements  which  any  refresh 
buffer  must  meet.  The  cost  data  supplied  is  meant  only  for  comparison  purposes 
as  these  prices  are  continuelly  changing. 

Note  that  this  section  has  been  included  to  provide  thorough  documentation 
of  the  study  results.  Since  a storage  CRT  display  has  been  recommended,  e buffer 
memory  is  not  required  in  the  system. 


3.2. 3.1 


i.  There  are  a variety  of  memory  types  aveilable 


which  are  adaptable  for  use  as  refresh  buffers.  These  devices  include: 


a.  Magnetic  Disc  Storage 

1.  Floating  head 

2 . F ixed  head 

b.  Magnetic  Core  storage 

c.  Solid-state  random  access  memory 

1.  Static 

2.  Dynamic 

d.  Solid  state  shift  register 

e.  Analog  storage  tube 

With  the  exception  of  the  analog  storage  tube,  all  of  the  above 
devices  operate  at  well  below  a 10  megabit/second  rate.  However,  this  defi- 
ciency can  be  overcome  by  the  use  of  multiplexing  and/or  extending  word  size. 
That  is,  by  having  a large  number  of  bits  per  word  and  operating  multiple 
channels  in  parallel.  The  following  is  a brief  comparison  of  the  above  storage 
methods: 


3. 2. 3. 1.1  Magnetic  Disc  Storage.  Floating  Head  - For  the  system  under 

consideration,  magnetic  discs  are  available  with  a data  capacity  much  greater 
than  required.  A typical  disc  system  transmits  data  in  the  order  of  5 megabits/ 
second.  In  a floating  head  device,  only  one  pick-up  head  is  used,  being  mechani- 
cally transported  to  the  desired  track,  so  that  data  cannot  be  obtained  from 
more  than  one  track  at  a time  resulting  in  a maximum  output  rate  of  5 megabits/ 
second  which  is  inadequate  for  our  purposes. 
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Fixed  Head.  Discs  with  fixed  heads,  i.e.,  one  head  for  each 


track,  are  also  available  with  sufficient  storage  capacity.  In  this  case, 
however,  a number  of  output  tracks  may  be  selected  in  parallel  so  that 
10  tracks  would  have  an  output  rate  equivalent  to  50  megabits/ second.  Such 


a unit  is  priced  in  the  $12,000  range. 


The  nature  of  this  device,  which  is  not  unlike  10  shift  registers 


in  parallel  with  an  unvarying  clock  rate,  is  such  that  data  must  be  iftput  at 


the  same  rate  as  it  is  taken  out,  50  megabits/second  in  our  example.  There- 


fore, a queuing  buffer  would  have  to  be  added  before  the  disc  input  to  com- 
pensate for  differences  in  the  disc  input  rate  and  the  computer  memory  out- 
put rate,  adding  to  the  overall  system  cost  and  complexity. 


3.2. 3. 1.2  Magnetic  Core  Storage.  An  established  technique  of  data 


storage  is  by  the  use  of  magnetic  core.  The  cycle  time  of  a typical  device 
is  about  750  nanoseconds.  If  the  memory  format  ia  arranged  to  have  a 40 
bit  word,  then  the  memory  output  bit  rate  is  40  bits/750  nanoseconds  or  53.3 
megabits /second.  This  rate  is  an  upper  limit  and  both  the  input  and  output 
rates  can  be  changed  independently.  Also,  no  additional  buffering  is  required 


as  these  are  random  access  type  memories  and  thus  require  essentially  no  wait- 


ing time  to  input  data.  The  price  for  a 48K  by  40  bit  configuration  is  about 


$13,000. 
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3.2. 3.1.3 


Solid  State  Random  Access  Memory.  Static  RAMs  - Static  RAMs 


are  relatively  expensive,  but  do  not  require  constant  memory  refreshing  as 


do  dynamic  devices.  They  are  most  useful  in  small  systems  because  of  the 


fact  that  many  additional  support  components  are  not  required.  A 1.6  mega- 


bit system  capable  of  3.3  megabits/second  costs  about  $13,000  while  one  capable 


of  2 megabits/ second  costs  about  $'3,500. 


Dynamic  RAMs.  Although  dynamic  RAMs  require  constant  refreshing. 


necessitating  extra  circuitry,  they  have  many  advantages  over  static  RAMs. 


They  are  cheaper,  have  faster  operating  times,  use  less  power,  and  are  available 


in  higher  bit  densities  per  chip.  One  kilobit  static  chips  ai  standard  compared 


to  four  kilobit  dynamic  RAMs.  Using  such  high  density  chips,  a 1.5  megabit 


dynamic  RAM  memory  can  be  purchased  for  around  $10,500.  Available  systems  are 


organized  as  32K  x 8 bits  per  board  and  are  TTL  compatible. 


3. 2. 3. 1.4  Solid  State  Shift  Registers.  Charge  Coupled  Device  (CCD)  shift 


registers  provide  an  attractive  method  for  constructing  a refresh  memory.  They 


are  dynamic  devices  (requiring  a minimum  shift  time)  which  is  of  little  con- 


sequence in  this  application  and  are,  of  course,  a serial  access  type  of  memory 


as  is  a disc.  However,  the  input  and  output  clock  rates  can  be  varied  so  that 


additional  buffering  is  required  as  in  the  case  of  magnetic  discs.  A 1.6 


megabit  system  would  cost  approximately  $8,500. 


3. 2. 3. 1.5  Analog  Storage  Tube.  This  device  stores  analog  data  and  operates 


in  a manner  analogous  to  a standaru  picture  tube.  However,  in  this  case  the 


electron  beam  is  directed  to  a charge-stored  target,  instead  of  a viewing  screen 


CRT  REFRESH  MEMORY  CANDIDATES 


from  which  the  data  can  be  read  out  at  a later  time  and  at  a different  rate. 
Thus,  these  devices  are  also  known  as  scan  converter  tubes.  The  upper  operating 
limit  of  these  tubes  is  30  megahertz  with  reliable  operation  taking  place  with 
a resolution  of  1029  elements  per  line  x 1029  lines.  Higher  resolution  tubes 
have  been  made  (at  greater  cost)  for  special  applications  and  can  be  obtained 
under  certain  conditions  (e.g.,  in  multiple  quantities).  However,  they  are 
considered,  at  this  time,  to  be  highly  sensitive  devices  and  would  require 
factory  maintenance  to  be  performed  on  a monthly  basis. 


3.2.3.  2 


Refresh  Memory  Summary.  Table  3-9  gives  a comparison  of 


various  possible  memory  types  which  are  available  today  and  can  be  considered 
as  reliable  devices.  All  of  these  devices  would  require  additional  control 
circuitry  such  as  formatting  logic,  clock  generators,  address  control,  D/A 
conversion,  etc.  The  cost  comparison  is  based  on  the  requirements  of  the 
application  under  consideration.  The  important  items  of  consideration  are 
the  relative  capacity,  speed,  and  cost. 


3.3 


ALTERNATIVE  MICROFICHE  SYSTEM  CONFIGURATIONS 


A number  of  alternative  Microfiche  System  communication 
configurations  have  been  assessed  during  the  preliminary  definition.  The 
different  configurations  consider  various  transmission  equipment  arrangements 
and  attempt  to  optimize  the  trade-off  between  system  performance,  total 
equipment  requirements,  cable  bandwidth  utilization,  and  software  complexity. 
All  alternatives  are  configured  to  be  compatible  with  the  specific  require- 
ments imposed  by  the  FTD  Information  Systems  upgrading  plan. 


3.3.1 


BASIC  COMMUNICATION  ARRANGEMENT 


A simplified  illustration  of  the  Microfiche  System's  major  components 
and  the  method  of  communication  is  shown  in  Figure  3-13  . Image  data  control 
is  handled  by  the  microfiche  computer  processor.  The  magnetic  core  memory 
is  used  to  provide  data  input  and  output  buffers  and  also  to  hold  the  operatii.g 
programs.  A rotating  dual  port  magnetic  disk  memory  system  will  store  all  of 
the  image  data  scanned  from  the  microfiche  input.  Additional,  but  smaller, 
disk  systems  are  provided  to  hold  the  various  system  programs  including 
assignments  of  image  data  locations  on  the  dual  port  disk.  A keyboard  printer 
allows  an  operator  in  the  microfiche  storage  center  to  receive  data  requests 
and  also  to  enter  information  into  the  system  pertinent  to  the  image  being 
scanned;  e.g.,  a microfiche  identification  number,  number  of  pages,  etc. 
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The  scanning  device  accepts  manually  loaded  microfiche,  scans  them  a page 
at  a time,  and  transmits  digitized  data  to  the  microfiche  processor.  An 
intercommunication  path  for  these  devices  is  provided  by  the  computer 
Unibus  system,  which  is  a high  speed  data  transmission  facility.  It  is, 
in  fact,  required  that  the  scanner  portion  of  the  system  be  located 
physically  close  to  the  computer  in  order  to  take  advantage  of  the  high 
speed  characteristics  of  the  Unibus  and  thus,  in  effect,  be  hard-wired  to 
the  computer. 

The  remaining  system  components  (display  terminals  and  FTD  con- 
centrator) will  be  located  physically  far  apart  due  to  the  geographical 
layout  of  areas  requiring  displays  within  the  building  complex.  Therefore, 
since  it  is  impractical  to  hardwire  all  of  these  devices  together,  a two- 
way  coaxial  cable  with  a high  bandwidth  Is  used  as  the  data  transmission 
system.  One  or  more  modems  can  be  used  to  interface  any  system  component 
to  the  coaxial  cable.  The  modem  is  used  to  modulate  a high  frequency  carrier 
with  digital  data  at  the  sending  end  and  demodulate  the  carrier  at  the  re- 
ceiving end.  Appropriate  interfaces  must  be  used  with  different  types  of 
devices  and/or  modems . 

A user  will  have  a display  and  an  input  keyboard  at  his  disposal 
to  communicate  with  the  system.  Data  will  be  presented  to  the  user  on  a 
large  screen  when  requested  by  use  of  the  keyboard.  Such  data  may  be  requested 
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either  from  the  stored  microfiche  data,  i.e.,  (images  which  must  first  be 
entered  into  tf  e system  and  scanned  or  images  which  are  a) readv  stored 
on  the  processor  disk  system)  or  from  the  library  portion  (IBM  360)  of  the 
system  already  installed  at  FTD. 

ihe  KfO  concentrator  (a  DEC  PD?  11/45  mini-computer)  is  responsible 
for  all  traffic  control.  It  assigns  system  devices  to  the  appropriate 
transmission  channels  and  routes  request  and  status  information  between  the 
terminals  and  the  microfiche  and  library  processors. 

In  all  the  alternatives  that  follow,  a primary  requirement  will  be 
that  high  speed  transmission  must  be  accomplished  between  any  one  of  up  to 
100  display  terminals  and  any  one  of  six  microfiche  computer  output  channels. 


There  are  a variety  of  ways  in  which  the  system  can  be  configured 
to  take  advantage  of  available  communication  components  and  optimize  per- 
formance. These  methods  will  now  be  explored. 

3.3.2  POINT-TO-POINT  CONFIGURATION 

Figure  3-14  illustrates  a scheme  in  which  each  display  terminal  has 
a unique  transmission  channel  assigned  to  It,  resulting  in  a total  of  106 
high  speed  transmit-receive  channels.  Six  channels  operate  between  the 
microfiche  computer  and  the  concentrator  and  the  remaining  100  channels  are 
between  the  concentrator  and  the  display  terminals.  Thus,  image  data 
originating  at  the  microfiche  computer  is  first  transmitted  to  the  con- 
centrator which  then  assigns  it  to  the  proper  channel  in  order  that  the 
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POINT-TO-POINT  CONFIGURATION 


correct  terminal  can  receive  the  data.  In  this  manner,  any  channel  can  re- 
spond to  any  terminal.  In  addition,  the  concentrator  handles  all  messages 
passing  between  the  display  terminals  and  the  library  computer.  All  trans- 
mission takes  place  on  high  speed  channels. 


This  method  has  a number  of  weaknesses.  First,  the  number  of  high 
speed  channels  in  use  would  consume  so  much  of  the  cable  bandwidth  that  the 
transmission  system  would  have  to  be  dedicated  to  the  microfiche  system  and 
no  other  information  system  would  be  able  to  make  use  of  it.  In  addition, 
the  concentrator  would  have  to  act  as  a multiplexer-demultiplexer  requiring 
more  program  functions  and  core  memory.  Also,  at  the  data  rates  anticipated, 
the  concentrator  would  be  overloaded,  and  unable  to  handle  all  the  Inputs 
and  outputs.  Finally,  just  attempting  to  attach  over  100  peripheral  devices 
(including  interfacing)  to  the  concentrator  would  present  an  expensive  log- 
istics problem.  For  these  reasons,  then,  the  concept  was  quickly  abandoned. 


3.3.3 


MULTI-DROP  CONFIGURATION 


The  method  shown  in  Figure  3-15  represents  an  improvement  over  the 
previous  alternative  in  that  the  number  of  high  speed  channels  Is  considerably 
reduced.  This  is  accomplished  first  by  not  sending  image  data  through  the  con- 
centrator but  Instead  transmitting  it  to  six  receive-only  high  speed  modems. 
Then,  to  each  of  these  receive-only  units  are  assigned  a group  of  terminals 
(approximately  one-sixth  of  those  in  the  system)  which  are  multiplexed  to 
the  modem  in  the  time  division  mode.  Now  there  are  only  six  high  speed  channels 
each  servicing  a group  of  terminals.  The  six  modems  at  the  microfiche  computer 
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output  are  send-only  units.  In  addition,  each  terminal  also  has  access  to 
.i  48  kilob  it /second  transmit-roceive  modem,  each  operating  on  a unique  carrier 
frequency  or  channel.  The  concentrator  has  matching  48  kilobit/second  trans- 
mi  t-receive  modems  and  it  is  over  these  lower  speed  channels  that  data  re- 
quests, library  data,  and  status  signals  are  conveyed.  In  addition,  commands 
are  sent  to  instruct  a particular  terminal  to  accept  data  arriving  on  its 
assigned  shared  high  speed  channel.  A low  speed  9600  band  modem  is  used  to 
allow  communication  between  the  microfiche  computer  and  the  concentrator.  The 
concentrator  then  routes  requests  and  instructions  for  data  channel  assignments. 

This  scheme  has  a number  of  advantages  and  disadvantages  compared 
to  the  method  described  in  the  previous  section.  When  evaluated,  this  approach 
can  be  seen  to  be  the  better  choice  of  the  two. 


The  principle  advantage  of  this  configuration  is  the  reduction 
of  high  speed  channels  to  a total  of  six.  Since  these  are  the  image  trans- 
mission channels,  they  are  in  use  a greater  portion  of  time,  but  now  occupy 
only  a nominal  amount  of  the  available  cable  bandwidth  (approximately  15 
megahertz).  In  addition,  the  concentrator  is  no  longer  overloaded , although 
it  still  requires  increased  program  and  memory  capacity  for  its  role  as  a 
mult iplexer -demultiplexer . 

While  the  major  objection  of  the  point-to-poi';t  method  (in  terms 
of  bandwidth  considerations)  lias  been  overcome,  so  that  this  is  a viable 
approach,  there  are  still  a number  of  disadvantages  which  result  in  an  over- 
all unsatisfactory  system.  Each  group  of  terminals  multiplexed  to  a receive- 
onlv  high  speed  modem  must  be  hardwired  to  that  device.  This  is  both  incon- 
venient and  expensive.  Also,  if  one  high  speed  modem  becomes  defective,  then 
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the  complete  group  of  terminals  associated  with  that  modem  also  become  In- 


operative. (An  alternative  solution  might  be  to  have  each  terminal  in  a 
group  have  a high  speed  modem,  all  assigned  to  the  same  carrier  frequency, 


but,  then  the  same  problem  occurs  if  an  output  modem  from  the  microfiche 


computer  fails).  The  addition  of  the  48  kilobit /second  modems  presents  a 


bandwidth  problem  again,  although  not  nearly  as  serious  as  in  the  point- 


to-point  method.  In  this  case,  the  100  two-way  channels  would  occupy  approxi- 
mately 30  megahertz  of  the  o.abl*  frequency  spectrum,  undesirable,  but  not 


out  of  reason.  Of  course,  the  concen  tor  still  has  the  problem  involved 


in  handling  all  100  modems  which,  although  causing  both  software  and  hardware 


difficulties,  are  not  Insurmountable. 


Therefore,  while  the  simple  multi-drop  configuration  is  seen  to 


be  a feasible  technique,  there  still  remain  a number  of  undesirable  features 


which  should  and  can  be  overcome.  Some  of  these  unwanted  features  can  be  re- 


solved as  described  in  the  following  sections. 


3.3.4  MULTI-DROP  CONFIGURATION  WITH  MULTIPLEXER 


The  diagram  in  Figure  3-16  is  similar  to  the  Multi-Drop  Configuration 


except  that  the  100  modems  attached  to  the  concentrator  have  been  replaced  by 


a 48  kilobit/second  multiplexer.  Addition  of  the  multiplexer  frees  the  con- 


centrator from  interrogating  the  terminals  (via  the  48  kilobit  modems)  and 


assembling  their  messages  as  the  multiplexer  is  designed  to  perform  these  functions. 


The  48  kilobit /second  modems  am  now  time  division  multiplexed  and  use  only 


one  transmit-receive  channel  for  a cable  bandwidth  requirement  of  approximately 


300  kilohertz.  Providing  a multiplexer  permits  use  of  less  equipment,  lowers 
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bandwidth  requirements,  and  i nduces  I h e load  on  the  COncenti ator . ihis, 
then,  is  an  approach  siperior  to  either  oi  the  onos  initially  tried. 


3.3.5 


TFM'INAL  R/OiDOM  ACf'I.SS  CONFIGURATION 


The  final  and  recommended  configuration  is  illustrated  in  Figure  3-1 
This  method  also  makes  use  of  .1  multiplexer  for  the  a8  kilobit/second  channel. 
Now . however,  instead  of  groups  of  terminals  being  Hardwired  to  a particular 
single  high  speed  channel  modem,  each  terminal  contains  its  own  high  speec 
receive— only  modem.  These  modems  are  unique  in  that  they  can  be  electronical! 
commanded  to  demodulate  data  on  any  one  of  the  six  transmitting  high  speed 
channels.  Therefore,  in  effect,  any  one  or  more  of  the  100  terminals  can  be 
connected  to  (that  is,  receive  data  from)  any  one  of  the  six  microfiche  trans- 
mitting channels. 


To  summarize,  this  last  solution  has  the  following  advantages  and 
improvements  as  compared  to  previous  approaches? 


a.  Any  display  terminal  can  receive  data  from  any  of  the 
high  speed  output  channels. 


b.  Minimum  cable  bandwidth  requirements  for  both  the  300 
kilobit/second  and  48  kilobit/second  modems  has  been 
achieved. 


c.  Failure  of  a single  modem  does  not  impair  a large  portion 
of  the  system. 


d.  All  units  are  connected  to  the  coaxial  cable  transmission 
system. 


The  concentrator  controls  the  traffic  ! low. 


f.  If  the  system  is  iniliall'  con! igured  with  only  a few 

terminals,  more  terminals  can  be  added  at  any  time  with- 
out regard  to  geographical  location  as  is  the  case  in  a 
multidrop  situation. 


This  system  configuration  is  recommended  for  use  in  the  Microfiche 
Scanner  and  Remote  Display  System  as  it  meets  all  the  system  requirements  in 
terms  of  jnvenienee,  flexibility,  expense,  and  capacity. 
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MICK) FT CHE  SCANNER  AND  DISPLAT  SYSTEM  BLOCK  DIAGRAM 
FIGURE  4-1 


4.1.1 


INTERACTIVE  LIBRARY  ABSTRACT  SEARCH  DATA  FLOW 


Action  begins  at  a display  terminal  when  a user  types  in  a request 
for  information  on  a paitiular  subject.  As  shown  in  Figure  4-2,  the  request 
is  transmitted  via  the  coaxial  cable,  after  being  modulated  by  a 48  kilobit/ 
second  modem,  to  the  48  ki lobit/second  modem  multiplexer.  When  the  multiplexer 
has  assembled  a complete  abstract  request  message,  it  transmits  the  message  to 
the  concentrator.  The  concentrator  decodes  the  address  in  the  message  preamble 
and  routes  it  to  the  IBM  360  computer  which  proceeds  to  search  for  and  retrieve 
tiie  requested  data. 

Once  the  desired  data  is  found,  the  above  procedure  is  reversed. 

The  message  containing  the  requested  information  is  sent  from  the  IBM  360 
computer  to  the  concentrator.  The  concentrator  transmits  it  to  the  multi- 
plexer which  relays  the  message  to  the  correct  modem  via  the  coaxial  cable. 

After  the  modem  demodulates  the  high  frequency  carrier,  the  message  containing 
the  abstract  information  originally  requested  is  displayed  on  the  output  screen. 
The  analyst  notes  the  microfiche  index  numbers  corresponding  to  the  documents 
of  interest.  These  index  numbers  are  used  to  initiate  microfiche  image  requests 
from  the  microfiche  computer. 


4.1.2  MICROFICHE  REQUEST  DATA  FLOW 


The  next  step  in  the  operation  is  to  request  that  the  desired  micro- 
fiche be  entered  into  the  system.  Again,  this  is  initiated  by  a display  terminal 
user  who  types  in  the  request  and  pertinent  information  (e.g.  microfiche  identi- 
fication number).  Using  Figure  4-3,  it  can  be  seen  that,  as  before,  the  message 
is  modulated  by  a 48  kilobit/second  modem,  transmitted  over  the  cable  to  the 
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DATA  FLOW  - MICROFICHE  REQUEST 


multiplexer,  and  again  received  by  the  concentrator.  This  time,  upon  decoding 
the  message  preamble,  the  concentrator  determines  that  the  message  is  to  be 
sent  to  the  microfiche  processor,  which  it  proceeds  to  do  by  means  of  the  coaxial 
cable  and  a pair  of  low  speed  9600  baud  modems.  The  microfiche  processor  accepts 
the  message,  decodes  more  of  the  preamble,  interrogates  its  index  file  to  determine 
whether  the  data  is  already  in  the  system  and  when  it  discovers  that  new  infor- 
mation is  being  requested,  routes  the  message  to  an  output  printer  in  the  scanner 
area  adjacent  to  the  microfiche  card  storage  files.  An  operator  then  reads  the 
message  and  obtains  the  desired  microfiche  card. 

The  need  for  the  low  speed  transmission  link  between  the  microfiche 
computer  and  concentrator  arises  because  of  the  location  of  facilities  in  the  FTP 
building.  The  two  computer  facilities  will  be  located  on  different  floors  quite 
a distance  apart  and, therefore,  must  utilize  the  coaxial  cable  system  as  an  in- 
terconnection. 

4.1.3  MICROFICHE  STORAGE  AND  DISPLAY  DATA  FLOW 

At  this  point,  the  operator  at  the  microfiche  storage  center  inserts 
the  microfiche  card  in  a scanner  unit,  enters  appropriate  data  (scanner  number, 
microfiche  identity,  etc.)  using  the  keyboard  on  the  printer  and  starts  the 
scanning  process.  The  digitized  and  preformatted  scan  data  is  accepted  by  the 
microfiche  processor  and  recorded  on  the  primary  storage  discs  as  illustrated  in 
Figure  4-4.  Information  regarding  image  location  on  the  storage  disc  is  re- 
corded in  the  index  file.  As  soon  as  the  first  page  of  the  microfiche  card  is 
stored  on  a disc,  it  is  retrieved  by  the  processor  and  transmitted  over  the 
cable  via  a pair  of  high  speed  (300  kilobit /second)  modems  to  the  requesting 
display  terminal.  The  demodulated  image  data  is  then  scanned  out  on  the  terminal 


DATA  FLOW  - STORAGE  AND  DISPLAY  FROM  MICROFICHE 
FIGURE  4-4 


.creen  to  be  viewed  by  the  analyst.  The  total  proceaa  from  the  start  of  scan 
to  complete  display  can  be  accomplished  in  about  11  seconds  for  the  first 
image.  Meanwhile,  scanning  continues  until  the  complete  microfiche  card  is 
stored  on  disc.  A signal  is  then  generated  to  notify  the  scanner  operator  that 
the  scanning  operation  is  finished  and  the  scanner  is  available  for  a new  input 
after  the  previous  card  is  removed.  The  terminal  viewer  can  now  request  any 
microfiche  page  in  any  sequence.  Data  will  remain  in  storage  until  the  viewer 
no  longer  need,  it  ,3  evidenced  either  by  an  erase  comand  from  the  terminal  or 


expiration  of  a predetermined  period. 


The  high  speed  transmission  channel  require,  some  discussion  here. 


Six  high-speed  transmit-only  modems  are  provided  for  image  data  transmission 
at  the  microfiche  computer.  Channels  are  dynamically  allocated  to  the  appropriate 
terminal  under  computer  control.  All  six  channel,  can  be  transmitting  simul- 
taneously. Each  display  terminal  is  supplied  with  a 300  kilobit/second  receive 
only  modem  which  can  be  tuned  (during  automatic  channel  allocation)  to  one  of 


the  six  transmission  frequencies. 


A.  1.4  IMAGE  REQUEST  FROM  PRIMARY  STORAGE  DATA  FLOW 


The  final  step  in  the  cycle  is  actually  a repetition  of  previous 
actions.  This  is  a request  for  subsequent  pages  on  the  stored  microfiche. 
At  this  point,  the  user  know,  that  data  he  desires  is  stored  in  the  system 
on  disc.  As  before,  a message  is  originated  at  the  display  terminal  and 
transmitted  over  the  48  kilobit/second  channel  to  the  concentrator.  The 


sequence  is  shown  in  Figure  4-5.  Again,  the  concentrator  decodes  the  message 


preamble  and  routes  it  via  the  low  speed  9600  baud  channel  to  the  microfiche 
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DATA  FLOW  - DISPLAY  FROM  PRIMARY  STORAGE 


processor.  The  processor  furtner  decodes  the  preamble,  examines  the  index  file 


to  determine  the  data  location,  retrieves  it  from  disc  storage,  and  transmits 


the  image  data,  using  a 300  kilobit  channel,  to  the  display  terminal.  The  de- 


modulated data  is  then  presented  on  the  output  screen  for  viewer  evaluation. 


The  user  then  continues  in  this  mode  of  operation  until  he  requires  a new  set 


of  data,  at  which  time  another  microfiche  card  request  is  entered.  System  re- 


action time  to  obtain  images  from  primary  store  and  to  transmit  an  entire  page 


is  less  than  7 seconds. 


SYSTEM  CAPABILITIES 


The  recommended  Microfiche  System  has  been  configured  to  satisfy 


the  following  capabilities. 


Functional  Specifications 


Provides  the  capability  of  accessing  microfiche 
documents  and  displaying  pages  on  a remote  terminal. 


b.  Allows  interactive  dialogue  via  remote  display  key- 
boards with  other  FTD  Information  Systems. 


c.  Provides  2:1  magnification  zoom  capability  of  any 
section  of  the  microfiche  page. 


d.  System  accommodates  up  t 100  remote  terminals,  2 
input  microfiche  scanners,  and  6 microfiche  image 
transmission  channels. 


Technical  Specifications 


Primary  storage  computer  accommodates  800  pages,  or 
40  active  users  (20  page  average  document  size). 


Daily  scanner  throughput  can  be  10,000  pages  without 
queuing  delay. 


Scanning  and  storage  time  is  less  than  4.0  seconds  per 
page. 


The  transmission  time  from  primary  store  is  less  than 
7.0  seconds  per  page. 
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SYSTEM  RESPONSE  TIME 
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It  is  assumed  that  the  Microfiche  System  work  session  is  preceded 
by  an  interactive  session  with  other  information  systems  lasting  from  a few 
minutes  to  several  hours  in  order  to  obtrin  abstracts  and  microfiche  numbers 
of  interest.  Once  the  work  session  starts  on  the  Microfiche  System,  the  re- 
sponse times  shown  in  Table  4-1  for  the  various  activities  can  be  considered 
as  typical. 

Because  there  are  two  scanners,  both  the  first  and  second  user  on 
the  system  will  receive  their  first  page  in  about  30.5  seconds  (this  Is  highly 
dependent  on  typing  time  and  manual  loading  of  the  scanner).  Subsequent  pages 
which  are  in  primary  storage  can  be  displayed  within  7 seconds  (not  considering 
typing  time  which  may  take  another  second).  When  three  or  more  analysts  request 
new  microfiche  documents  within  the  scanner  service  time,  a queue  will  develop 
at  the  scanner  and  waiting  time  will  increase.  Queues  can  also  develop  during 
transmission  of  the  data  when  the  6 transmission  channels  are  all  being  used 
simultaneously. 

TABLE  4-1 

SYSTEM  RESPONSE  TIME 


MICROFICHE  REQUEST 

- TYPING  TIME  5 SEC 

- SYSTEM  RESPONSE  0.8  SEC 

MANUAL  SEARCH  AND 

15  SEC  to  30  SEC 

LOADING  OF  SCANNER 

SCANNING  AND  STORAGE 

3.7  SEC  FIRST  PAGE 

TRANSMISSION 

6.0  SEC 

30.5  SECS 
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QUEUING  ANALYSIS 


The  system  performance  analysis  cannot  be  considered  complete 


without  conducting  a queuing  analysis  to  determine  if  the  system,  as  designed. 


is  capable  of  handling  the  expected  inputs.  The  analysis  will  quickly  show 


if  congestion  or  overloading  will  occur. 


Queues  can  occur  at  two  places  in  the  Microfiche  System;  at  the 


input  scanner  when  several  microfiche  are  requested  within  the  scanner 


service  period  and  at  the  transmission  channel  when  all  of  the  channels  are 


simultaneously  used.  Both  of  these  queues  are  examined.  The  mean  number  of 


users  in  each  queue,  average  waiting  times,  and  maximum  waiting  times  are 


determined  for  a range  of  facility  utilization  factors. 


A.A.l  BASIC  QUEUING  ANALYSIS  METHODOLOGY 


The  queuing  analysis  was  performed  using  the  methods  outlined  in 


Systems  Analysis  for  Data  Transmission"  by  James  Martin,  published  by  Prentice- 


Hall,  Inc.,  in  conjunction  with  parametric  charts  reprinted  with  the  publisher's 


permission. 


Since  curves  representing  the  basic  queuing  relationships  are  readily 
available,  only  the  parameters  needed  to  use  them  properly  will  be  discussed. 


The  facility  utilization  factor,  which  is  a measure  of  system 
loading  used  as  the  abscissa  on  the  parametric  queuing  analysis  charts,  is 


defined  as 


The  time  the  facility  is  occupied  E(n)E(t8)  f4_n 

The  time  available  " M 


where 


n • number  of  arrivals 


t » service  time  of  an  item 


E(n)  ■ mean  arrival  time  of  an  item 


E(t  ) “ mean  service  time  of  an  item 


M ■ number  of  channels  being  serviced. 


By  using  this  t ctor  with  the  parametric  queuing  curves,  it  is 
possible  to  determine  both  the  mean  number  of  items  in  a queue  E(q)  and  the 


mean  time  spent  by  an  item  in  the  queue  E(tq).  These  calculations  are  based 


on  the  assumption  that  the  service  *imes  are  exponentially  distributed.  In 


practice,  this  is  not  normally  the  case  so  that  this  is  regarded  as  a 


worst  case  evaluation. 


Another  useful  parameter  is  the  probability  of  waiting  for  longer 
than  some  arbitrary  times,  t. 


This  is  given  by 


-M(l-p)t/E(t  ) 
Prob(tw>t)  - B 8 


where, 


t * time  an  item  waits  to  be  serviced 
w 


B ■ probability  of  all  servers  being  busy  at  a 
given  instant 


The  parameter  B may  be  obtained  from  Table  4-2. 


4.4.2  INPUT  SCANNER  QUEUE 


The  schematic  diagram  of  the  queue  at  the  input  scanner,  Figure  4-6, 


illustrates  how  the  facility  utilization  factor  of  each  of  two  scanners  is 


obtained  by  considering  the  mean  number  of  microfiche  arrivals  per  second  and 


the  mean  service  time.  Figure  4-7  gives  the  facility  utilization  factors  for 


a number  of  different  microfiche  arrival  rates,  so  that  the  effect  of  increasing 
E(n)  can  be  observed.  As  shown  in  row  2 of  Figure  4-7  an  estimate  of  a 


reasonable  average  input  was  assumed  to  be  320  microfiche  per  (8  hour)  day, 


or  E(n)  - 0.011  microfiche/second.  This  corresponds  to  a facility  utilization 


factor  of  0.408  which  represents  a light  system  load.  In  addition,  the  last 


column  sb  jws  the  waiting  time  which  will  not  be  exceeded  by  95*  of  the  users. 


It  should  be  noted  that  reliable  statistics  defining  anticipated  system  usage 


(and  corresponding  arrival  rates)  could  not  be  obtained  from  FTD  so  that  the 
valv*  HiaP  represents  an  estimate  based  on  the  best  available  information. 
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TABLE  4-2 


VALUES  OF  PROBABILITY  THAT  ALL  M SER,rERS  ARE  BUSY 


l.Hili/a* 

lion 


M=  1 

M = 2 

0.00 

0.000 

0.000 

(102 

0.020 

0.001 

0.04 

0.040 

0.003 

0.06 

0.060 

0.007 

0.08 

0.080 

0.012 

0.10 

0.100 

0.01  S 

0.12 

0 120 

0.026 

0.14 

0.140 

0.034 

0,16 

0.160 

0.044 

0.18 

0.180 

0.055 

0.20 

0.200 

0.067 

0.22 

0.220 

0.079 

0.24 

0,240 

0.093 

0.26 

0.260 

0.107 

0.28 

0,280 

0.122 

030 

0.300 

0.138 

0.32 

0.320 

0.155 

0.34 

0.340 

0.173 

0.36 

0.360 

0.191 

0.38 

0.380 

0.209 

0.40 

0.400 

0.229 

0.42 

0,420 

0.248 

0.44 

0.440 

0.269 

0.46 

0.460 

0.290 

0.48 

0.480 

0 311 

0.50 

0.500 

0.333 

0.52 

0.520 

0.356 

0.54 

0.540 

0.379 

0.56 

0.560 

0.402 

0.58 

0.580 

0.426 

0.60 

0.600 

0.450 

0.62 

0.620 

0.475 

0.64 

0.640 

0 500 

0.66 

0.660 

0.525 

0.68 

0.680 

0.550 

0.70 

0.700 

0.5  7 6 

0.72 

0.720 

0.(>03 

0.74 

0.740 

0.629 

0.76 

0.760 

0.656 

0.78 

0.780 

0.684 

0.80 

0.800 

0.711 

0.82 

0.820 

0.7.78 

0.84 

0.840 

0.767 

0.86 

0.860 

0.795 

0.88 

0.880 

0.821 

0.0(1 

0.900 

<1.853 

<U>2 

0 920 

0.8S2 

0 "4 

0.940 

0.9  1 1 

(l.<l«. 

0.960 

0.9  10 

0.96 

0.980 

0.97(1 

M-3 

4 

.1 

2S 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

o.uou 

0 000 

o.ono 

0 001 

0.000 

0 000 

0.002 

0.000 

0.000 

0.004 

0.001 

0.000 

0006 

0.002 

0.000 

0.009 

0.003 

o.ooi 

0.014 

0.004 

0.001 

0.019 

0.007 

0.003 

0.025 

0.010 

0.004 

0.032 

0.013 

0.006 

0.040 

0.018 

0.008 

0.049 

0.027 

0.01 1 

0.059 

0.030 

0.015 

0.070 

0.037 

0.020 

0.082 

0.046 

0.026 

0.O95 

0.055 
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QUEUING  ANALYSIS  AT  INPUT  SCANNER 
MEAN  NUMBER  OF  USERS  IN  THE  QUEUE 


The  mean  number  of  users  in  the  scanner  queue  for  different  facility 
utilization  values  is  shown  by  the  parametric  scanner  queuing  chart  in  Figure 


4.8.  Note  that  at  a facility  utilization  of  0.41,  for  two  input  scanners 


(2  servers),  the  mean  number  of  users  in  the  queue  is  about  one,  so  that  no 


one  has  to  wait  to  be  served.  Even  at  a utilization  factor  of  0.82,  which 


represents  an  input  of  640  microfiche  per  day,  only  two  people  on  the  average 


are  in  the  scanner  queue  (however,  they  are  being  served).  It  should  be 


noted  that  at  a facility  utilization  of  0.64,  the  two  users  in  the  queue 
are  being  served.  This  implies  that  500  microfiche  per  day,  or  10,000  pages. 


can  be  handled  by  the  scanners  without  a queuing  delay. 


Figure  4-9  illustrates  the  mean  waiting  time  before  being  served 


by  the  input  scanner  for  different  facility  utilization  factors.  At  p » 0.41, 
there  is  no  waiting  time.  At  a facility  utilization  of  0.82,  however,  there 
will  be  an  average  waiting  time  of  about  140  seconds.  This  high  system  loading 


is  very  unlikely  and  may  rarely  occur. 


4.4.3  TRANSMISSION  CHANNEL  QUEUE 


The  queue  that  may  develop  at  the  output  transmission  channel  is 


shown  schematically  in  Figure  4-10.  The  facility  utilization  of  each  of  the 


six  transmission  channels  is  determined  by  knowing  the  mean  number  of  pages  per 


second  requested  from  the  computer  storage  and  the  mean  service  time  of  the 


transmission  link.  Various  facility  utilization  factors  for  each  transmission 
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QUEUING  ANALYSIS  AT  TRANSMISSION  CHAN] 
MEAN  NUMBER  OF  USERS  IN  THt  QUEUE 


channel  are  calculated  in  Figure  4-11  to  Illustrate  the  effect  of  changing 
the  interarrival  rate. 

For  a reasonable  interarrival  rate  of  0.33  pages/second,  the 
facility  utilization  is  only  0.35.  The  parametric  queuing  analysis  chart 
for  the  transmission  channels,  given  in  Figure  4-12,  shows  that  no  queue 
will  develop  with  this  system  load  (use  the  curve  for  6 servers).  In  fact, 
the  facility  utilization  can  increase  to  0.76  before  the  mean  number  of  users 
exceeds  the  number  of  transmission  channels.  The  mean  number  of  pages  re- 
quested per  minute  corresponding  to  this  facility  utilization  is  ever  40  pages 
per  minute. 

The  mean  waiting  time  before  being  served  by  the  transmission 
channel  is  Illustrated  in  Figure  4-13.  This  parametric  queuing  chart  shows 
that  ev<jn  at  a facility  utilization  factor  of  0.76,  which  is  equivalent  to 
ovet  40  users  each  requesting  pages  at  one  minute  intervals,  the  users  in  the 
queue  will  have  a wait  of  only  3 seconds. 
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SYSTEM  COMPONENT  SPECIFICATIONS 


r 


The  major  system  components  are  fully  described  in  this  section. 
Functional  and  technical  specifications  for  each  component  are  established 
in  the  discussion. 

4.5.1  COMMUNICATION  LINK 

The  communication  link  for  the  Microfiche  System  will  be  the  VIDEODATA 
System  currently  being  installed  at  FTD,  by  Interactive  Systems,  Inc.,  of  Ann 
Arbor,  Michigan.  VIDEODATA  is  a radio  frequency  (RF)  transmission  system 
capable  of  distributing  audio,  video,  or  digital  data  Information  from  a central 
location  to  and/or  from  remote  stations  on  a single  cable  network.  The  system 
is  composed  of  a single  solid  coaxial  cable,  amplifiers,  directional  couplers, 
and  splitters.  Information  is  transmitted  by  modulating  a high  frequency  carrier 
with  data  at  the  sending  location  and  demodulating  the  signal  at  the  receiving 
point.  Two  modes  of  operation  are  available  over  the  same  transmission  medium; 
time-division  multiplexing  or  frequency-division  multiplexing.  Both  methods  are 
used  in  the  microfiche  system  to  achieve  the  desired  results. 

4. 5. 1.1  Cable  Network  Characteristics.  Use  of  a simple  coaxial  cable 
eliminates  the  need  for  individual  twisted  pairs  of  wires  to  each  location.  In 
addition,  due  to  its  construction,  the  cable  can  be  installed  without  conduit. 

It  is  free  from  electronic  interference  so  that  shielding  is  not  required. 

' ?o,  any  additions  in  equipment  do  not  require  extra  wiring  or  rewiring. 
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The  cable  Itself  Is  composed  of  a solid  aluminum  outer  conductor 
and  an  inner  concentric  conductor  which  is  typically  copper-clad  aluminum; 
both  conductors  being  separated  by  a dielectric  material  which  may  be  either 

a 

polyethylene  or  polystyrene.  The  outer  diameter  of  the  cable  is  normally  0.412 
inch  or  0.500  inch.  Transmission  may  take  place  over  a bandwidth  covering  5 
megahertz  to  300  megahertz.  A noise  shield  (both  in  and  out  of  the  cable) 
is  provided  by  the  outer  conductor.  In  addition,  the  thickness  of  this 
solid  aluminum  sheath  provides  a structure  rigid  enough  so  that  the  cable 
may  be  Installed  without  conduit  within  a building.  Besides  the  cable, 
amplifiers  are  required  to  regenerate  the  signal  approximately  every  2000 
feet. 

4. 5. 1.2  Bandwidth  Allocations.  As  previously  stated,  the  cable  has  a 
bandwidth  of  5MHz  (megahertz)  to  300  MHz.  The  two-way  braodband  network  has, 
by  its  design,  an  implicit  signal  direction.  Each  direction  is  allotted  a 
portion  of  the  available  bandwidth.  For  example,  using  a mid-band  split  con- 
figuration, approximately  150  MHz  to  300  MHz  is  allocated  for  the  forward 
direction  and  5 MHz  to  150  MHz  for  the  reverse  direction.  Also,  a dead  band 
is  assigned  between  116  MHz  and  159  MHz  which  provides  adequate  separation 
between  the  forward  and  reverse  channels.  Directional  control  of  these  fre- 
quency groups  is  accomplished  by  means  of  appropriate  filters  in  the  anqpllflers 
and  directional  taps  used  on  the  system.  Any  attempt  of  a signal  to  pass  in  an 
Incorrect  direction  will  be  blocked  at  the  amplifier. 

4. 5. 1.3  Network  Configuration.  Figure  4-14  illustrates  a possible 
layout  of  the  cable  network.  Normally,  it  consists  of  remote  locations  ana 


a head  end.  Cable  lega  emanating  from  the  head  end  are  distributed  along 


main  thoroughfares.  Feeder  cables  are  then  installed  to  link  up  remote  user 


areas.  Branches  are  terminated  at  the  farthest  veer  ares  and  are  not  returned 


to  the  head  end. 


Typically,  a computer  is  located  at  the  head  end.  However,  such  a 


decision  depends  heavily  on  the  geographical  location  of  the  various  equipments 


within  a building  relative  to  the  cable  network  paths.  Forward  transmissions 


are  made  from  the  head  end  to  remote  points  and  reverse  transmissions  from 


remote  locations  to  the  head  end.  As  an  example,  using  Figure  4-14,  consider 


a message  to  be  sent  from  the  microfiche  processor  to  a terminal  on  one  of 


the  network  legs.  Transmission  would  first  take  place  on  a reverse  channel  until 


it  reached  the  head  end.  At  this  point,  a remodulator  would  transfer  the  data 


from  a reverse  carrier  frequency  to  a forward  carrier  frequency  and  thus  trans- 


mit the  message  in  a forward  direction  on  all  three  network  legs  where  it 


would  be  received  by  one  or  more  terminals.  It  is  immaterial  whether  the 


ultimate  destination  or  terminal  is  on  the  same  leg  as  the  message  origin  for 


this  type  of  system,  as  the  final  address  for  any  particular  message  could  be 


in  any  area  of  tHe  network.  Therefore,  the  saje  action  takes  place  on  all 


data  transmissions.  A separate  remodulator  will  be  required  for  each 


message  channel  (or  forward  and  reverse  carrier  frequency  pair)  required  in 


the  3ystem.  For  the  Microfiche  System  a maximum  of  eight  remodulators  are  re- 
quired (depending  on  the  head  end  location),  6 for  the  high  speed  channels, 

one  for  the  9600  baud  line  and  on*  for  the  48  Kbps  multiplexed  network. 
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4.5. 1.4 


Modems.  The  term  modem  In  encountered  In  the  date  transmission 


field  and  is  an  abbreviation  for  modulator-demodulator.  As  applied  to  this 
system,  a modem  is  required  to  accept  digital  data,  modulate  a high  frequency 
carrier  with  that  data,  and  transmit  the  information  over  the  coaxial  cable. 

It  must  also  accept  a different  return  modulated  high  frequency  carrier,  de- 
modulate the  data  on  the  carrier  and  present  it  in  a digital  mode  to  the 
appropriate  device. 

Although  these  units  will  always  be  referred  to  as  modems,  they  can 
and  will  sometimes  be  either  modulators  or  demodulators  only,  i.e. , either 
send  or  receive  devices.  In  such  cases,  they  will  be  called  transmit  only  or 
receive  only  modems.  A brief  discussion  of  the  types  to  be  used  in  this  system 
is  given  in  the  following  paragraphs. 

4. 5. 1.4.1  Modem  - 9600  Baud.  These  relatively  low  speed  devices  are 

transmlt-recelve  modems  used  for  communication  between  the  microfiche  processor 
and  the  FTD  concentrator.  Only  one  pair  is  required  in  the  system  as  the  amount 
of  data  passing  between  the  two  processors  is  insignificant  compared  to  the 
overall  system  rate. 

The  term  baud  refers  to  the  shortest  signal  element  in  a character. 

For  example,  a character  msy  be  composed  of  7 bauds,  but  only  5 data  bits. 

The  remaining  two  are  start-stop  elements  as  used  in  an  asynchronous  transmission 
system. 
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4. 5. 1.4. 2 Modem  - 48  Kbps.  Theee  unite  ere  eleo  transmit-receive  modems 
and  are  used  between  the  displey  terminal  and  the  concentrator.  They  operate 
at  48  kilobits/second  and  are  used  in  a time-division  multiplexing  scheme 
described  in  the  following  section.  These  channels  are  used  when  the  terminal 
user  is  interrogating  the  abstract  library  computer,  requesting  date  from  the 
microfiche  computer,  or  receiving  information  end/or  instructions  from  the 
concentrator.  One  modem  will  be  required  at  each  terminal. 

4. 5. 1.4. 3 Multiplexer  - 48  Kbps.  This  unit  will  be  located  at  the  con- 
centrator and  operates  at  48  kilobits/second.  It  communicates  with  all  the 
display  terminal  48  kbit/second  modems  using  e single  high  frequency  carrier 
(to  conserve  ceble  bandwidth)  and  operating  in  the  time-division  multiplex 

mode.  This  is  accomplished  by  interrogating  eech  terminal  in  turn  with  an  * 

address  code  unique  to  a given  terminal.  When  the  desired  terminal  responds, 
it  may  either  receive  or  transmit  one  character  or  no  action  may  take  place 
depending  on  the  situation  at  that  given  moment  in  time.  The  multiplexer  works 
isochronously  so  that  each  terminal  receives  equal  attention.  For  exemple,  if 
100  terminals  were  in  the  system,  any  one  or  ell  could  either  receive  or  transmit 
data  at  a rate  of  approximately  36  characters/second.  This  ib  more  than  sufficient 
to  handle  the  normal  input  from  e display  keyboard. 

The  multiplexer  shown  in  Figure  4-15  contains  e small  processor 
with  core  memory  to  handle  all  necessery  preprogrammed  operations.  The  processor 
will  control  the  multiplexing  and  generate  the  required  protocol  signals.  Message 
units  from  each  terminal  will  be  accumulated  in  the  memory  until  complete  messages 
are  assembled,  at  which  time  the  total  message  will  be  sent  to  the  concentrator 
for  further  processing. 
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The  advantages  of  using  a multiplexer  in  this  instance  are  twofold. 


First  is  the  previously  mentioned  saving  in  cable  bandwidth.  Second  is  the 


reduction  in  complexity  and  sheer  amount  of  equipment  involved  in  attaching 
100  transmit-receive  48  kilobit  modems  to  the  concentrator.  In  addition,  the 


concentrator  is  relieved  of  performing  various  software  functions  which  are 


done  in  the  processor  portion  of  the  multiplexer  and  as  a consequence  less 


concentrator  memory  is  needed. 


4. 5. 1.4. 4 Modem  - 300  Kbps  Transmit  Only.  These  modems  operate  at  a high 

bit  rate  (300  kilobits /second)  and  are  send  only  devices.  Six  of  these  units 


will  be  used  to  provide  high  speed  output  transmission  channels  for  the  micro- 


fiche processor.  Each  v»ll  operate  on  its  own  high  frequency  carrier.  Connection 


to  the  processor  will  not  be  direct,  but  through  an  Interface  unit  whose  function 


is  to  format  the  output  data  properly  and  provide  a serial  stream  of  digital  bits 


for  the  modern. 


This  type  of  modem  cannot  be  used  with  abandon  in  a system  as 


they  account  for  a large  amount  of  cable  bandwidth.  A single  direction  300 


kilobit /second  modem  occupies  1.2  megahertz  of  the  available  spectrum.  A 


two-way  device  (using  2 separate  forward  and  reverse  carrier  frequencies)  uses 


2.4  megahertz  of  the  system  bandwidth.  Therefore,  high  speed  modems  must  be 


used  as  sparingly  as  possible. 


This  high  speed  modem  is  not  presently  available,  but  is  under 


development.  Interactive  Systems,  Inc.,  has  stated  that  the  300  kilobit 


modem  will  be  ready  for  delivery  during  the  first  half  of  1976. 


(3)Private  communication  with  Mr.  George  Benton  of  ISI. 
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4. 5. 1.4. 5 


Modem  - 300  Kbit  Receive  Only.  A modem  of  this  type  will  be 


pieced  with  each  display  terminal  for  the  purpose  of  receiving  high  speed  data 


(300  kilobits/second)  on  any  one  of  the  six  high  speed  transmission  channels 


from  the  microfiche  computer.  In  order  to  accomplish  this,  which  means  that 


any  one  or  more  of  the  possible  100  terminals  may  receive  information  from 


any  one  of  the  six  channels,  the  receive  modems  must  be  tunable  or,  in  effect. 


frequency-division  multiplexers.  Again,  it  has  been  stated  by  Interactive 


Systems,  Inc.,  that  such  devices  will  be  available  by  the  middle  of  1976. 


It  is  expected  ♦'hat  a selectable  frequency  modem  will  be  configured 


in  a manner  similar  to  that  shown  in  Figure  4-16.  In  actual  operation,  a 


channel  select  command  will  be  transmitted  on  the  48  kilobit  channel  from  the 


concentrator  and  directed  to  the  high  speed  frequency  selectable  modem.  In- 


ternal logic  circuitry  will  decode  this  signal  and  select  one  of  the  six  crystal 


oscillators.  The  desired  frequency  is  generated  and  mixed  with  the  assigned  in- 
coming channel  carrier  frequency  to  demodulate  the  digital  data.  The  demodulated 


data  will  then  be  serially  given  to  the  display  terminal  interface  unit. 


4. 5. 1.4. 6 Remodulators.  Remodulators  are  required  to  transfer  modulated 


data  from  one  carrier  frequency  to  another.  As  described  in  Section  4. 5. 1.3, 


this  is  necessary  when  a message  is  transmitted  from  one  leg  on  a reverse  channel 


to  a device  on  another  leg  via  a forward  channel.  One  remodulator  is  needed  for 


each  pair  of  forward  and  reverse  channels  in  the  cable  network. 
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A. 5. 1.5 


Error  Considerations.  Most  large  data  processing  systems  re- 


quiring extensive  data  transmission  have  some  type  of  error  checking  scheme 


incorporating  error  detection  and/or  correction.  It  is  the  recommendation  of 


this  report  that  no  error  checking  be  attempted  in  the  microfiche  data  retrieval 


system  as  it  is  unnecessary. 


The  primary  reasons  for  using  error  checking  in  any  system  are  when 


operating  in  a noisy  environment  or  transmitting  data  which  is  especially  sensi- 


tive to  infrequent  errors  such  as  numerical  information.  Neither  of  these  reasons 


apply  to  this  system. 


Image  data,  by  its  very  nature,  contains  a large  amount  of  re- 


dundancy and  thus  can  accommodate  many  errors.  In  fact,  it  is  realistic  to 


assume  that  this  particular  system  could  easily  tolerate  an  error  per  line 


or  one  error  in  103  data  bits  without  causing  any  misinformation  to  result. 


The  coaxial  cable  system  being  used  for  data  transmission  provides  a reasonably 


noise-free  medium.  Interactive  Systems,  Inc.,  (the  cable  supplier)  Indicates 


that  previous  installations  have  had  error  rates  approaching  1 in  109.  These 


were  at  lower  data  rates  than  those  contemplated  for  the  microfiche  system 


and  the  error  rate  may  be  expected  to  increase.  However,  it  would  have  to 


degrade  by  orders  of  magnitude  before  it  became  serious  enough  to  cause  concern. 


If  a simple  error  check  were  made  such  as  a parity  check,  the  result 


would  be  an  increase  in  transmission  time  or  display  update.  An  error  correction 
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scheme  would  require  so  much  extra  Information  to  be  sent  that  the  increase 
in  transmission  time  would  be  intolerable.  Therefore,  going  back  to  a simple 
error  detection  method  brings  up  the  question  of  what  to  do  in  the  event  an 
error  is  found.  If  only  error  detection  and  not  correction  is  employed,  then 
the  answer  is  to  either  retransmit  the  data  or  ignore  the  error.  A small  num- 
ber of  errors  could  cause  excessive  delays  throughout  the  system  if  retrans- 

mission were  adopted.  Therefore,  it  is  felt  it  is  best  to  ignore  the  errors, 
eliminating  the  need  for  any  error  check.  If  an  image  is  received  which  is 
badly  garbled  by  some  unusual  onslaught  of  errors,  then  the  terminal  user  has 

the  option  of  requesting  the  display  to  be  sent  again.  It  follows,  then,  that 

an  error  check  for  this  type  of  system  would  cause  more  problems  than  it  would 
solve. 


A simple  system  check  which  can  be  incorporated  is  to  interrogate 
each  48  kilobit  channel  modem  in  turn  and  to  monitor  any  acknowledge  signal. 
This  gives  the  basic  information  as  to  whether  or  not  a terminal  is  still 
operative.  Other  problems  which  may  arise  can  be  resolved  with  the  aid  of 
diagnostic  software  routines. 
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4.5.2  COMPUTER  CONFIGURATION 


All  processors  and  peripheral  devices  selected  for  this  system  are 


from  Digital  Equipment  Corporation  (DEC).  It  was  elected  to  use  DEC  units 


for  the  following  reasons! 


a.  Both  FTD  and  EPSCO  personnel  are  thoroughly 
familiar  with  DEC  systems; 


b.  DEC  equipment  is  currently  in  use  at  FTD 
and  EPSCO  Labs; 


c.  DEC  literature  and  information  is  readily 
available; 


d.  DEC  maintains  an  extensive  service  organi- 
zation in  case  of  equipment  failure; 


e.  The  equipment  enjoys  a reputation  for  high 
reliability. 


Essentially,  the  system  makes  use  of  two  computers.  One  is  the 


FTD  PDPll/45  Concentrator,  whose  basic  function  is  to  maintain  and  control 


proper  comnunication  among  all  of  the  system  components.  The  second  is  the 


microfiche  computer  which  accepts  digitized  scanned  microfiche  data,  stores 


it  in  memory,  and  transmits  it  on  demand  to  the  proper  display  terminal  at 


high  data  rates. 


4. 5. 2.1  Microfiche  Computer.  As  shown  in  Figure  4-17,  Microfiche  Computer  - 

Block  Diagram,  the  Microfiche  Computer  consists  of  dual  PDPll/40  processors,  each 


with  its  own  particular  peripheral  devices.  Two  processors  are  required  in  order 


to  fulfill  the  system  requirements  in  terms  of  storage  capacity,  speed  of  operation 


and  user  accessibility.  (Use  of  a larger  computer,  such  as  a PDPll/70,  would  re- 


sult in  an  overkill  situation  - its  speed  and  memory  capacity  are  not  required  - 
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and  also  excessive  cost).  One  processor  is  referred  to  as  the  Input  processor 
and  the  other  as  the  output  processor.  The  function  of  the  Input  processor  Is 
to  accept  digitized  scanned  microfiche  data  which  has  been  properly  formatted 
and  store  it  on  a magnetic  disc  for  future  reference  by  a system  user.  The 
output  processor  records  the  location  of  data,  retrieves  data  on  command,  trans- 
mits data  to  an  output  display,  communicates  with  the  concentrator  and  sends 
instructions  to  the  input  processor. 


4. 5. 2. 2 Input  Processor.  The  input  processing  unit  consists  of  a number 

of  devices  connected  to  each  other  on  a common  transmission  link  called  a Unibus 
(a  DEC  pseudonym  for  a multiwire  communication  channel  connecting  a group  of 
devices  in  close  proximity).  Following  are  the  items  which  comprise  the  input 
system: 

a.  PDP11/40  computer  - used  for  overall  system  control; 


b.  Core  memory  - 124K  word  (16  bit  word;  memory  for 
program  and  data  storage; 


RK05  Disk  and  RK11  Controller  - 1.5  megaword  magnetic 
disk  used  to  store  required  program; 


d.  LA-36  Keyboard  Printer  - used  to  inform  operator  con- 
cerning required  data  and  to  input  control  information 
into  system; 


e.  Two  data  digitizing  microfiche  input  scanners  with  data 
formatting  interfaces  for  entering  requested  data  into 
system; 


f.  DR11C  Bus  Interface  permits  communication  between  the 
input  and  output  processor. 


The  basic  sequence  of  operations  for  the  input  processor  is  as 


follows : 


a.  A request  for  a particular  microfiche  card  is  received  from 
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the  output  processor  via  the  DR11C  bus  interface  and  printed  out  on  the 
LA- 36  printer} 


a.  The  operator  (in  a manual  load  system)  obtains  the 
desired  card  and  places  it  in  the  scanner  unit; 

b.  The  operator  enters  required  control  information 
such  as  microfiche  card  identification  number, 
scanner  number,  etc.,  into  the  system  via  the 
keyboard  printer; 

c.  A start  switch  is  operated,  and  the  scanner 
digitizes  the  information  on  the  microfiche  card; 

d.  The  data  is  formatted  as  required  by  the  scanner 
interface,  buffered  in  the  core  memory  and  trans- 
ferred to  magnetic  disc  storage; 

e.  An  indicator  and/or  audible  alarm  informs  the  operator 
when  the  operation  is  complete  and  the  microfiche  card 
is  then  returned  to  its  original  location. 


When  operating  at  maximum  load,  the  processor  must  be  capable  of 
handling  two  simultaneous  scanner  inputs  at  2 megabits/second  each,  and  also 
output  data  to  a storage  disk  at  6.4  me  gab  its /second.  Since  the  core  memory 
is  capable  of  running  at  better  than  16  megabits/second,  actual  data  hand- 
ling occupies  ^ x 1002  - 652  of  the  available  processing  time  This 
allows  352  for  program  control,  which  is  more  than  sufficient  for  this  type 

of  operation. 

From  the  above,  it  can  easily  be  seen  that  for  a single  processor 
to  be  required  to  handle  two  scanners,  both  input  and  output  data  from  disk, 
and  handle  a number  of  output  channels  all  simultaneously,  would  quickly 
result  in  an  overload  condition.  For  example,  just  trying  to  both  enter  and 
retrieve  data  from  disk  simultaneously  requires  12.8  me gab its /second  of  the 
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available  16  megabit /second  rate,  leaving  only  3.2  megabits/second  to  handle 


both  input  scanners,  output  channels  and  program  control;  clearly  a non- 


permissable  situation.  This,  then,  is  the  primary  justification  for  the  use 


of  two  processors.  There  are,  in  addition,  other  advantages  which  will  be- 


come evident  later  in  the  discussion. 


4. 5. 2. 3 Output  Processor.  The  items  in  the  output  system  consist  of 


the  following: 


a*  PDP11/40  computer  - used  for  overall  system  control; 


b.  Core  memory  - 124K  word  memory  for  program  and 
data  storage; 


c.  RK05  Disk  and  RK11  Controller  - 1.5  megabit  magnetic 
disk  used  to  store  required  programs; 


d.  RK05  Disk  - 1.5  megabit  magnetic  disk,  sharing  above 
Controller,  used  to  record  location  of  stored  data; 


e.  DR11C  Bus  Interface  - permits  communication  between  the 
input  and  output  processor; 


f.  9600  Baud  Modem  - used  for  communication  between  output 
processor  and  concentrator; 


8«  Six  high  speed  (300K/bit)  modem  with  interface  for  data 
reformatting  used  to  transmit  data  to  requesting  terminal. 


h.  RJP04  Dual  Port  Disc  Unit  with  controller  and 

eight  RP04  storage  discs  for  microfiche  data  storage. 


The  basic  sequence  of  operations  for  the  output  processor  is  as 


follows: 


a.  An  initial  request  for  data  is  received  from  the  concentrator 
via  the  9600  baud  modem,  and  passed  to  the  input  processor 
through  the  DR11C; 


b.  The  output  processor  also  informs  the  input  processor  where  to 
store  data  on  disk; 


c.  After  the  data  is  stored,  the  processor  retrieves  data  from 
the  disk  memory  (Any  page  of  a microfiche  may  be  requested  by 
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the  user,  but  the  first  page  is  transmitted  automatically 
immediately  after  it  is  stored.),  buffers  it  in  core,  and 
designates  a transmission  channel  for  use. 

The  channel  designation  is  sent  via  the  concentrator  to 
the  requesting  display  terminal. 

When  step  (4)  is  acknowledged,  data  is  output  to  the  cor- 
rect channel,  reformatted  in  the  interface  and  transmitted 
at  a 300  Kbit/second  rate  to  the  waiting  terminal. 


At  maximum  load,  the  processor  takes  data  from  the  disk  at  6.4  mega- 
bits/second and  simultaneously  operates  six  300K/bit/second  output  channels. 

8. 2 

Again,  with  a 16  megabit/second  memory,  data  handling  occupies  — jjr  x 100%  « 
51.25%  of  available  processing  time,  leaving  a more  than  sufficient  amount  for 
program  control  and  inter-computer  communication. 


4. 5.2.4 


Microfiche  digitized  and  formatted 


data  is  permanently  stored  (until  an  erase  command  is  received  allowing  new 
data  to  be  written  in  place  of  data  no  longer  needed)  on  a dual  port  disk 
unit.  This  device  contains  a dual  access  controller  which  allows  both  input 
and  output  processors  to  simultaneously  interact  with  a particular  disk.  The 
unit  will  contain  a total  of  8 disks,  each  capable  of  recording  44  million 
words.  Thus,  one  processor  can  enter  data  on  one  disk  while  the  other  pro- 
cessor can  be  receiving  data  from  one  of  the  other  seven  disks.  In  addition, 
subsequent  disks  to  be  used  can  be  located  during  the  time  active  disks  are 
in  operation,  lowering  the  disk  access  time  considerably.  For  example,  the 
average  access  time,  including  head  location  and  rotational  latency,  is  36 
milliseconds.  The  average  rotational  latency,  once  the  head  is  located,  is 
only  8 milliseconds.  This,  of  course,  permits  a larger  number  of  output  channels 
to  be  serviced  simultaneously.  All  in  all,  the  unique  capabilities  of  this 
device  permit  one  processor  to  be  dedicated  to  input  scanning  operation  while 
the  second  processor  may  be  concerned  solely  with  output  problems. 


Each  page  on  a microfiche  card  is  scanned  at  2320  elements  per  line 
over  3000  lines  for  a total  of  6.96  million  bits  or  435,000  words.  Therefore, 
each  disk  holds  approximately  100  pages  of  microfiche  data  with  the  total  system 
containing  800  pages.  At  an  average  of  20  pages  per  microfiche,  40  users  are 
able  to  be  active  in  the  system  at  any  given  time.  During  such  a period,  up  to 
6 terminals  can  be  receiving  data  simultaneously,  while  the  other  34  terminals 
have  data  displayed  on  their  screens.  As  shown  in  the  queuing  analysis  in  this 
report,  the  system  is  quite  capable  of  handling  such  a load. 

4*5‘2*5  Memory  Organization.  In  order  to  facilitate  the  zoom  display 

mode,  an  approach  was  conceived  involving  both  hardware  and  software.  Either 
approach  singly  is  inadequate  as  it  lengthens  the  time  required  to  construct 
a display  an  undesirable  amount.  In  both  cases,  the  total  amount  of  data 
required  for  high  resolution  zoom  is  stored  on  disk.  Attempting  to  sort  oj; 
a desired  window  of  data  for  the  zoom  mode  by  software  requires  a substantial 
increase  in  core  memory  as  well  as  additional  processing  time.  This  is  due 
to  the  fact  that  all  of  the  data  must  be  read  from  disk  and  stored  in  core 
where  it  is  operated  on  by  a window  selection  program.  That  is,  the  data 
cannot  be  sorted  out  on  the  fly  as  it  comes  off  the  disk,  either  in  the  zoom 
mode  or  in  the  normal  mode  where  only  one  quarter  of  the  total  data  is  used. 
Alternatively,  all  of  the  data  could  be  transmitted  to  the  display  where  simple 
circuitry  employed  in  conjunction  with  the  display  sweep  control  circuits  would 
easily  edit  out  the  undesired  data.  However,  this  would  increase  the  data 
transmission  time  by  a factor  of  four  which  is,  of  course,  unacceptable. 
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The  selected  approach  Is  to  format  the  data  for  ease  of  manipulation 
with  hardware  before  the  input  computer  receives  it,  then  organizing  it  correctly 
in  core  for  subsequent  storage  on  disk.  Software  programs  then  remove  the  data 
in  the  proper  order  as  required  for  zoom  or  normal  operation.  Finally,  the  data 
is  properly  recombined  by  hardware  after  being  received  from  the  output  computer 
and  transmitted  to  the  correct  terminal. 

4. 5. 2. 5.1  Core  Data  Format . In  order  to  provide  for  relatively  simple 
data  processing,  the  scanned  data  is  organized  into  three  groups  by  means  of 
hardware  and  then  stored  in  three  core  memory  blocks.  One  group  consists  of 
all  even  lines  and  all  elements  within  those  lines.  A second  group  has  odd 
lines  and  all  odd  elements  within  those  lines.  The  third  group  contains  odd 
lines  with  all  even  elements.  This  last  group  of  data  is  used  to  provide  the 
information  for  a normal  display,  i.e. , a picture  with  resolution  of  1500  lines 
and  1160  elements  per  line. 


4. 5. 2. 5. 2 Disk  Data  Format.  As  the  data  is  transferred  from  core  memory 

to  disk,  it  is  organized  in  groups  of  3 records  each.  The  first  record  of 
each  group  contains  the  data  for  odd  lines,  odd  elements;  the  second  record 
contains  odd  lines,  even  elements;  and  the  third  record  has  even  lines,  all 
elements.  Now  it  is  a simple  matter  to  retrieve  every  third  record  for  a nor- 
mal display  or  to  obtain  every  record  for  a zoom  picture.  This  is  done  under 
program  control  given  the  proper  command  signal  and  cursor  location  (for  zoom 
data)  from  the  requesting  terminal  unit. 


A. 5. 2. 5. 3 Input  Processor  Core  Allocation.  Figure  4-18,  Computer  Core 

Allocation,  illustrates  the  manner  in  which  the  core  memory  is  organized 
for  data  handling.  The  total  amount  of  core  available  in  the  input  processor 
is  124K  words  where  a word  is  composed  of  16  bits.  16K  of  core  is  reserved 
for  program  control  with  the  remaining  108K  of  core  divided  for  use  between 
the  two  input  scanners.  Blocks  of  core  are  then  set  aside  for  particular 
sets  of  data  associated  with  each  scanner  to  act  as  buffers  before  permanent 
storage  on  a magnetic  disk.  Block  sizes  of  6,750  words  are  assigned  for  storing 
odd  lines,  odd  elements  and  odd  lines,  even  elements.  A block  of  13,500  words 
is  used  for  storing  even  lines  with  ell  elements  included.  Each  of  these  blocks 
is  then  double  buffered  as  shown  in  the  diegram  to  provide  the  ability  to  have 
the  system  operate  in  an  asynchronous  mode.  An  identical  group  of  buffers  is 
assigned  for  the  second  scanner  which  then  accounts  for  a total  of  108K  words 
of  core. 


4. 5. 2. 5. 4 Output  Processor  Core  Allocetion.  Again,  refer  to  Figure  4-18, 
Computer  Core  Allocation.  16K  of  core  is  set  aside  for  program  control  and 
the  remaining  108K  of  core  divided  among  six  output  channels.  Blocks  of  core 
are  provided  to  accept  data  in  the  same  manner  as  it  was  preeented  to  the  in- 
put processor.  Thus,  associated  with  each  output  channel  are  block  sizes  of 
2,250  words  for  storing  odd  lines,  odd  elements,  and  odd  lines,  even  elements. 
In  addition,  a block  of  4,500  words  is  provided  for  storing  even  lines  and 
all  elements.  As  in  the  case  of  the  input  processor,  each  core  block  is  double 
buffered.  An  identical  group  of  buffers  is  used  for  each  of  the  six  output 
channels  taking  up  a total  of  108K  words  of  core. 
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In  the  zoom  mode,  data  Is  stored  in  these  buffers  in  the  identical 
order  as  it  was  received  by  the  input  processor  and  stored  on  disk.  However, 
in  the  normal  mode  of  operation,  all  of  the  buffers  are  filled  only  with  odd 
line,  odd  element  data  and  the  remaining  information  (odd  line,  even  elements, 
and  even  lines,  all  elements)  is  not  read  out  from  the  disk.  This,  of  course, 
is  all  accomplished  by  suitable  programming. 


Display  Update  Time.  In  order  to  evaluate  the  time  required 
to  update  a full  display,  an  analysis  must  be  made  taking  into  account  such 
factors  as  input  and  output  data  rates,  computer  speed,  buffer  sizes,  access 
times,  number  of  users,  etc.  This  analysis  is  performed  on  a limited  basis 
in  the  following  sections  using  available  information  and  making  use  of  what 
appears  to  be  reasonable  assumptions.  A more  detailed  analysis  is  not  possible 
under  the  scope  of  this  program,  however,  neither  does  it  appear  to  be  necessary 
as  all  of  the  major  problems  are  discussed. 


A. 5. 2. 6.1  Analysis  of  Data  Handling  Capability  - Input  Processor.  The 
microfiche  scanner  employs  a line  by  line  advance  method  incorporating  a con- 
tinuous motion  technique  as  opposed  to  an  incremental  or  stepping  mode  of 
operation.  This  implies  that  the  scanning  operation  cannot  be  interrupted  or 
slowed  down  to  accommodate  any  queuing  problems  arising  in  the  computer. 

That  is,  data  flow  must  be  constant  into  core  memory  buffer  during  scanning 
of  a page  although  it  can  be  postponed  or  delayed  between  pages.  Therefore, 
the  computer  must  be  capable  of  accepting  data  continuously  and  simultaneously 
from  two  scanners,  each  operating  at  a 2 megabit/second  rate  without  allowing 
its  buffer  to  overflow  at  any  time. 
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As  described  in  Section  4.5. 2.5. 3,  each  scanner  has  a double  buffered 


block  assigned  to  it  in  core  memory.  In  order  for  the  input  and  output  data 


flow  (through  the  core  memory)  to  remain  in  a stable  condition,  the  input  must 


not  exceed  the  output  at  any  time  by  more  than  one-half  of  a scanner  buffer. 


For  example,  a worst  case  condition  arises  when  each  scanner  has  one-half  of 


its  buffer  filled.  At  this  point,  the  computer  must  be  able  to  transfer  data 


from  one  half  of  one  double  buffer  on  to  disk,  access  another  disk,  and 


transfer  data  from  one  half  of  the  second  double  buffer  on  to  disk,  all  before 


the  previously  empty  halves  of  the  two  double  buffers  are  filled  at  which  time 


the  original  condition  will  exist  and  the  cycle  may  be  repeated.  If  this 
requirement  cannot  be  met,  an  overflow  condition  will  eventually  result  causing 


loss  of  data. 


If  the  following  equation  is  satisfied,  the  system  will  operate 


correctly  in  accordance  with  the  above  provisions. 


tfi  i TEl  + T* 


Tpi  • time  to  fill  one  half  of  a double  buffer 


• time  to  empty  one  half  of  a double  buffer 


“ maximum  disk  track  access  time 


since 


a)  One  half  double  buffer  - 27,000  words 


b)  One  word  * 16  bits 


c)  Scanner  rate  ■ 2 • 10°  bits/second 


d)  Disk  transfer  rate  m 1 word/2.5  ^seconds 


e)  Maximum  track  seek  time  ■ 50  milliseconds 


f)  One  disk  revolution  * 16.6  milliseconds 
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then 

27000  words  x 16  bits/word 

A 

2 x 10  bits/second 

_3 

216  x 10  seconds 

27000  words  x 2.5  x 10  ^ seconds 
word 

67.5  x 10  3 seconds 

-3  _ -i 

T^  m 50  x 10  seconds  (seek  time)  + 16.6  x 10  seconds 
(one  revolution) 

_3 

■ 66.6  x 10  seconds 

Substituting  these  values  into  (4-1)  results  in 

216  x 10-3  > 135  x 10*3  + 66.6  x 10-3 
> 201.6  x 10"3 

Therefore  equation  4-1  is  satisfied  and  the  system  speed  is 
adequate  to  handle  a worst  case  situation.  At  any  rate  such  an  occurrence 
as  above  is  highly  improbable  as  the  program  control  will  always  endeavor 
to  place  the  data  from  each  scanner  on  separate  disks.  This  will  result  in  a 

_3 

lowering  of  T^  to  16.6  • 10  seconds  due  to  the  overlapped  positioning  operation 
of  the  disk  storage  system. 
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4, 5. 2. 6. 2 Analysis  of  Data  Handling  Capability  - Output  Processor.  The 


output  processor  is  intended  to  handle  un  to  six  high  speed  output  channels. 


The  higher  the  number  of  channels  used  and  the  higher  the  frequency  of  use, 


the  greater  the  load  that  Is  placed  on  the  system.  As  can  be  seen  from  the 


queuing  analysis  presentation  in  Section  4.4,  it  is  possible  to  overload  the 


output  processor  such  that  waiting  times  and  waiting  lines  grow  beyond  manage- 


able sizes  and  the  system  no  longer  serves  its  purpose.  However,  by  proper 


programming  techniques  and  by  setting  reasonable  "frequency  of  use"  limitations 


(i.e.,  practical  system  load  considerations),  the  possibility  of  such  an  event 


occurring  can  be  kept  to  a very  low  probability.  Maximum  parameter  values 


were  used  in  the  input  processor  analysis  because  the  flow  of  input  data  is  required 
to  be  continuous  with  no  interruptions  allowed  (again,  this  is  true  only  during  a 


page  scan  and  not  between  pages).  Therefore  calculations  were  made  to  ensure 


that  sufficient  buffer  memory  was  available  under  worst  case  conditions.  In 


this  analysis,  it  is  the  average  performance  over  a long  time  that  is  of 


interest  and  not  what  happens  during  a short  period.  Therefore,  average  para- 


meters are  used  throughout  the  remainder  of  this  discussion.  Many  of  the 


values  assumed  relating  to  user  operation  are  based  on  estimates  and  therefore 


open  to  question.  However,  since  no  valid  data  is  available  it  has  been  attempted 


to  use  relatively  pessimistic  values  in  order  to  perform  a realistic  system 


evaluation.  The  result,  then,  should  give  a satisfactory  indication  of  the 


manner  in  which  the  system  will  function  during  the  course  of  a day  (8  hours 


or  longer) . 


Additional  definitions  and  values  required  in  this  analysis  are: 
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T - time  to  fill  one  half  of  the  output  double  buffer 
r L 


T - time  to  empty  on  half  of  an  output  double  buffer 
E2 


since 


a)  One  half  of  an  output  double  buffer  * 9000  words 


b)  One  word  ■ 16  bits 


c)  Disk  transfer  rate  - 1 word/2.5  useconds 

d)  Output  Channel  rate  - 300  kbits/second 


Tp2  * 9000  words  x 2.5  • 10  seconds/word 


22.5  • 10  seconds. 


9000  words  x 16  bits/word 


3 • 10^  bits/second 


480  • 10  seconds 


A full  display  consists  of 


1160  elements/line  x 1500  lines 


16  elements /word 


* 108,750  words 


Therefore,  the  minimum  time  required  to  transmit  and  display  a full 


picture  is 


D „ 108,750  words  x 16  bits/word 
3 • 10^  bits/  second 


5.8  seconds 


In  order  to  determine  the  average  update  time,  other  events  which 


may  occur  must  be  considered  and  their  impact  on  overall  performance  evaluated. 


Additional  data  to  be  used  includes: 


(e)  The  average  track  access  time  on  a disk  is  T* 


T^  ■ 36  • 10  seconds 
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(f)  The  average  track  access  tine  when  the  tracks  lie 

_3 

on  separate  disks  is  8.3  • 10  seconds.  This 
results  because  of  the  overlapping  positioning  feature 
of  the  RJP04  storage  system.  While  one  drive  is  reading 
or  writing,  one  or  more  drives  can  be  positioned  co  the 
new  disk  for  the  next  transfer.  Therefore  only  one  half 
the  rotational  latency  composes  the  average  access  time 
in  this  case  and 


*-3 


AS 


8.3  * 10  seconds. 


The  Input  Function  Routine  will  be  designed  to  assign  input  data  in 
a uniform  distribution  over  the  eight  available  disks,  so  that  each  time  a data 
request  is  received,  there  is  equal  probability  that  any  given  disk  will  contain 
the  desired  information.  In  addition,  it  will  also  be  the  responsibility  of  this 
routine  to  make  certain  that  the  two  input  scanners  are  not  assigned  to  the 
same  disk  at  the  same  time.  Therefore,  since  there  are  two  scanners  and  eight 
disks,  the  probability  that  the  data  for  an  input  request  resides  on  a disk 
being  used  by  a scanner  is  0.25.  To  examine  what  happens  in  such  an  instance 
assume  both  scanners  are  in  use  on  tracks  labeled  A and  B,  each  on  a separate 
disk.  At  some  time,  a data  request  is  received  from  track  C which  is  on  the  same 
disk  as  track  A.  Referring  to  the  sequence  of  operations  described  in  Section 


4. 5. 2. 6.1  and  again  starting  with  the  worst  case  condition  at  track  A,  there  are 


216  • 10  seconds  to  transfer  data  to  tracks  A and  B (a  total  of  135  • 10~3 


seconds),  and  to  allow  access  time  from  A to  B (8.3  • 10"3  seconds).  This  leaves 
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16.6  • 10'3  seconds  to  access  track  C and  return,  to  track  B (in  order  to 
continue  a similar  sequence)  and  56.1  • 10-3  seconds  to  transfer  data  from 

track  C to  the  output  buffer.  Had  the  sequence  begun  on  track  B,  it  would 

-3 

have  had  to  at  some  point  accessed  between  A and  C which  requires  36  • 10 
seconds  thus  leaving  only  28.4  • 10-3  seconds  to  transfer  data  to  the  output 
buffer.  In  either  case,  the  amount  of  transfer  time  available  is  sufficient 
to  completely  fill  the  output  buffer.  Since  the  output  buffer  could  request 
access  to  the  disk  at  any  pqint  in  the  scanner  transfer  sequence,  the  average 
delay  time  expected  is  approximately  45  • 10"3  seconds.  This  is  the  overall 
average  of  the  two  possible  delay  paths.  Using  the  following  assumptions,  a 
realistic  calculation  can  be  made  of  the  average  expected  excess  transfer  time 
resulting  from  simultaneous  disk  requests. 

a.  Since  there  is  only  25%  probability  that  requested  data 
will  be  contained  on  a disk  engaged  with  inputting  scanner 
data,  the  average  excess  transfer  time  becomes  0.25  x 

45  • 10-3  ■ 11.25  • 10"  3 seconds. 

b.  Further  assuming  that  it  takes  about  25  seconds  worst  case 
to  unload  and  reload  a scanner  in  addition  to  typing  in 
any  required  information,  that  there  are  0.2  seconds  dead 
time  between  scanning  of  successive  pages,  and  that  the 
typical  microfiche  contains  20  pages,  all  these  factors 
combine  to  show  that  during  the  scanning  operation  itself 
there  may  be  about  30%  of  the  time  available  when  the  scan- 
ner input  is  not  active.  Thus,  the  transfer  time  is  re- 
duced  again  to  0.7  x 11.25  • 10-3  . 7.875  • 10'3  aaconda. 

c.  The  last  assumption  to  be  made  is  that  the  scanner  is 
utilized  for  up  to  80%  during  the  course  of  its  operating 
period,  so  that  the  average  excess  transfer  time  is 
finally  found  to  be  0.8  x 7.875  • KT3  - 6.3  • 10  3 seconds. 

If  all  six  channels  are  busy  and  simultaneously  requesting  data 
from  the  same  disk,  a highly  unlikely  event,  the  average  track  access  time 


-3  3 

is  36  • 10  seconds.  Since  it  requires  22.5  • 10  seconds  to  fill 


an 


output  buffer  and  the  average  excess  transfer  time  is  6.3  • 10~^  seconds, 

the  total  cycle  time  required  to  fill  each  buffer  is  6 (22.5  + 6.3  + 36) 

-3  -3  a 

10  seconds  - 388.8  • 10  seconds.  As  it  takes  480  • 10  seconds  to 

empty  a buffer  it  can  be  seen  that  there  is  ample  time  provided  to  prevent 

any  increase  in  average  transmission  time  of  the  image  data.  Therefore,  the 

average  display  update  time  is  5.8  seconds. 


4 *5.2. 7 Concentrator.  The  concentrator  is  a PDP11/45  computer  which  is 

presently  at  FTD  and  will  be  used  essentially  as  a traffic  controller.  Its 
main  functions  are: 
a. 


Search  library  file  contained  in  FTD  IBM  360 
computer  when  requested  by  one  of  the  display 
terminals . 


Transfer  all  microfiche  requests  to  the  Index 
Control  Program  residing  in  the  output  processor. 


Indicate  to  the  terminals  the  data  channel  to  be 
used. 


The  concentrator  will  communicate  with  the  output  processor  by 
means  of  a 9600  baud  line  and  with  the  display  terminals  by  means  of  multi- 
plexed 48  kilobit  channels.  This  will  allow  the  concentrator  to  control 
all  comnunications  from  the  display  terminals  to  the  Microfiche  and/or 
Library  computers. 


4.5.3 


SOFTWARE 


A significant  portion  of  the  microfiche  system  design  effort  is 
concerned  with  the  development  of  software  programs  to  control  computer  operation. 
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The  design  is  critical  in  order  that  the  system  function  not  only  correctly, 
but  also  efficiently,  when  heavy  loads,  in  the  form  of  multiple  data  requests, 
are  placed  upon  it.  Various  tasks  are  assigned  to  particular  processors  in 
the  system  as  described  in  the  following  sections.  In  attempting  to  understand 
the  interrelationships  among  the  programs,  reference  should  be  made  to  the 
software  flow  chart  in  Figure  4-19. 

4.5. 3.1  Input  Processor  Software.  There  are  four  major  programs  con- 

cerned with  input  processor  operation.  They  are  responsible  for  accepting 
and  processing  input  data,  communicating  with  the  output  processor,  and  overall 
processor  control.  A short  description  of  the  items  for  which  each  program 
is  accountable  is  given  in  the  succeeding  paragraphs. 

Scanner  Input  Routine 

This  program  permits  the  input  processor  to  accept  data  from  two 
microfiche  scanners,  each  scanner  having  a 3 channel  output  as  is  required  for 
proper  formatting  of  the  digitized  data.  Input  core  buffer  areas  are  assigned 
to  each  scanner  (one  double  buffer  for  each  channel  input)  by  the  routine  which 
also  initiates  direct  memory  transfers  by  the  use  of  DMA  (Direct  Memory  Access) 
devices. 
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Scanner  Command  Routine 


The  first  obligation  of  this  program  is  to  accept  microfiche  data 
requests  from  the  output  processor  and  re ’ay  the  data  to  the  scanner  data  entry 
control  terminal  which  is  a printer  with  keyboard  entry.  It  also  accepts  data 
from  the  terminal  indicating  both  microfiche  and  scanner  unit  identification 
and  subsequently  informs  the  Index  Control  Routine  in  the  output  processor  when 
a particular  microfiche  and  page  are  about  to  be  input. 


Disk  Input  Routine 

The  function  of  this  routine  is  to  accept  data  from  the  scanner  input 
buffers  (as  assigned  by  the  Scanner  Input  Routine)  and  transfer  it  to  disk 
storage  in  the  proper  order.  In  addition,  the  Disk  Input  Routine  accepts  storage 
parameter  intelligence  from  the  output  processor  Index  Control  Routine.  These 
storage  parameters  include  disk  number,  track  number,  etc.,  that  is,  all  informa- 
tion required  to  determine  the  disk  location  for  the  image  data. 


Input  Processor  Control  Program 

This  program  governs  overall  input  processor  operation.  It  must  call 
input/output  routines  as  needed  and  in  proper  order.  All  operations  must  be 
monitored  on  a continuous  basis  in  order  to  avoid  buffer  overflow  and  to  prevent 
any  conflicts  with  the  output  processor  routines,  especially  with  regard  to 
disk  image . 
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4, 5, 3. 2 jutput  Processor  Software.  The  output  processor  also  requires 

four  major  programs.  Their  duties  include  communicating  with  the  input  pro- 


cessor and  concentrator,  processing  output  data,  avoiding  queues,  storage 


assignments,  and  overall  processor  control.  The  requirements  of  the  specific 
programs  are  briefly  discussed  in  the  ensuing  paragraphs. 


Index  Control  Routine 


The  initial  mission  this  program  must  periorm  is  acceptance  of  normal 


or  zoom  image  requests  from  the  FTD  concentrator.  If  the  image  has  already  been 


stored,  the  routine  locates  the  desired  page  address  or  location  from  the  Index 


File  and  gives  this  information  to  the  Output  Queue  Routine.  If  the  requested 


microfiche  has  not  yet  been  scanned  and  stored,  the  routine  assigns  space  and 


transmits  the  microfiche  request  data  to  the  Scanner  Command  Routine  in  the 


input  processor.  Space  must  be  allocated  in  a uniform  fashion  to  prevent 


undesirable  queues  from  forming.  For  example,  the  two  input  scanners  should 


always  be  operating  with  separate  disks.  When  informed  that  the  microfiche  Is 


ready  to  be  scanned,  the  Index  Control  Routine  sends  the  data  storage  location 


parameters  to  the  input  processor  Disk  Input  Routine.  In  addition,  as  the 


individual  page  location  assignments  are  transmitted  to  the  input  processor,  the 


infornation  is  recorded  on  the  Index  File  for  future  reference. 


Output  Queue  Routine 


This  routine  accepts  data  location  parameters  from  the  Index  Control 


Routine  and  gives  them  to  the  Disk  Output  Routine.  It  also  transmits  microfiche 


identification  and  page  number  to  the  concentrator  and  informs  it  as  to  which 


high  speed  channel  will  be  used. 


Ah 


150 


HRRMm 


Disk  Output  Routine 

Data  storage  parameters  from  the  Output  Queue  Routine  are  accepted 
by  the  Disk  Output  Routine  which  assigns  output  buffers  for  the  data  transfer. 
These  buffers  are  also  assigned  to  a high  speed  modem  interface  using  three  DMA 
channels.  All  DMA  transfers  are  initiated  by  the  Disk  Output  Routine.  It  is 
the  responsibility  of  this  routine  to  keep  all  output  buffers  filled  and  to 
inform  the  Output  Queue  Routine  which  high  speed  output  data  channel  is  to  be 
used. 

Output  Processor  Control  Program 

Overall  output  system  operation  is  under  the  authority  of  the  Output 
Processor  Control  Program.  Its  functions  include  activating  the  input/output 
routines  in  correct  sequence  as  needed  and  to  continuously  monitor  all  other 
tasks  to  prevent  any  conflicts  with  the  input  processor  routine. 

A. 5. 3. 3 Concentrator  Software.  In  addition  to  programs  already  in 

the  concentrator,  a number  of  other  routines  must  be  added  to  interact  with 
them.  Their  functions  basically  are  concerned  with  traffic  control  as 
described  in  the  following  paragraphs. 

Library  Search  Routine 

This  program  accepts  data  requests  from  the  display  terminals  fnr 
abstract  information  and  sends  it  to  the  Library  Abstract  Computer  (IBM  360). 

It  then  accepts  replies  from  the  Library  Abstract  Computer  and  routes  the  infor- 
mation to  the  requesting  terminal  via  a multiplexed  48  kilobit /second  data 
channel. 


151 


Image  Request  Routine 


Requests  for  particular  microfiche  to  be  scanned  and  input  to  the 
system  or  for  individual  pages  of  previously  scanned  microfiche  are  routed  to 
the  Index  Control  Routine  in  the  output  processor.  This  routine  also  monitors 
the  multiplexer  output  to  determine  when  a request  from  a terminal  is  ready  for 
execution. 


Image  Status  Routine 


This  program  accepts  image  parameter  data  from  the  output  processor 
and  sends  it  to  the  appropriate  terminal.  Relevant  information  includes  such 
items  as  insufficient  request  data/queueing  status,  and  channel  number  assigned 
for  data  transmission. 


4. 5.3.A  Diagnostic  Routines.  In  addition  to  all  the  programs  described 

above,  a number  of  diagnostic  routines  must  be  provided.  These  will  be  used 
to  monitor  all  functions  to  ensure  proper  operation  of  the  system  during 
actual  use.  In  addition,  they  can  be  used  as  debugging  aids  in  the  event 
of  a system  failure.  It  will  be  possible  to  use  them  in  conjunction  with 
output  printers  or  displays  to  help  in  determining  the  cause  of  any  problems. 
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4.5.4  SCANNING  SYSTEM 


As  a result  of  analyzing  the  requirements  of  the  entire  Microfiche 


Scanner-Remote  Display  System,  a set  of  functional  and  technical  specifications 


for  the  scanning  portion  of  the  system  were  established.  These  specifications 


were  presented  in  Section  3.1.2  and  are  repeated  below. 


Functional  Specification 


Scan,  digitize  and  transmit  data  recorded 
on  the  microfiche 


Interact  with  the  computer: 
Accept  commands 
Transmit  data  and  status 


Technical  Specifications 


Scan  format 


9.0mm  x 11.6mm  (per  page) 


of  pixels /line 


of  lines /page 


Signal- to-nolse  ratio 


20  at  130  lp/mm 


Output  bit  rate 


2 Mbits/sec 


Microfiche  Format 


Standard  4"  x 6"  - 24X  with  98  pages 


4. 5. 4.1 


Scanning  System  Configuration.  Upon  selection  of  the  Reticon 


solid  state  arrays  a scanning  system  was  configured  that  will  meet  the  above 


specifications.  This  system  is  shown  in  block  diagram  form  in  Figure  4-20.  The 


functions  and  requirements  of  the  major  blocks  in  the  diagram  are  discussed  in 


the  sections  that  follow. 


4. 5. 4. 1.1  Light  Source.  The  saturation  exposures  for  the  solid  state  arrays 


are  functions  of  the  array  element  size.  Nominal  saturation  exposure  values, 
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SOLID  STATE  SCANNING  SYSTEM  BLOCK  DIAGRAM 


however,  are  of  the  order  of  (5-10)  x 10  joules/cm2  . Since  the  exposure 


time  per  element  is  of  the  order  of  1 millisecond,  the  corresponding  saturation 


light  intensity  at  the  array  plane  is  approximately  (5-10)  x 10-3  watts/cm2. 


The  light  source,  therefore,  should  have  an  output  intensity  consistent  with 


this  image  (array)  plane  intensity  requirement. 


4. 5. 4. 1.2  Vacuum  Platen.  The  purpose  of  the  vacuum  platen  is  to  hold 


the  microfiche  in  the  object  plane  of  the  optical  system  during  the  scanning 


process.  Since  the  fiche  will  be  illuminated  from  behind,  this  platen  must 


be  transparent. 


4. 5. 4. 1.3  Transport  and  Transport  Controller.  The  function  of  the  trans- 


port is  to  position,  in  sequence,  the  microimages  on  the  fiche  into  the  scanning 


position.  In  addition,  the  transport  must,  during  the  scanning  process,  move 


the  fiche  at  a constant  speed  Along  the  direction  of  the  page  height. 


In  order  to  minimize  the  amount  of  "overscan"  required  to  capture 


a complete  page,  the  page  should  be  positioned  into  the  scanning  position  to 


within  *0.005  inches  - both  along  the  width  of  the  page  and  the  height.  This 


can  be  achieved  through  use  of  the  internal  capabilities  of  the  transport  con- 


troller and  additional  "registration"  circuitry.  In  addition,  the  time  re- 


quired to  step  from  one  page  to  the  next  should  be  of  the  order  of  0.2  seconds 


for  adjacent  pages  and  no  more  than  1.0  second  in  going  from  the  end  of  one 


row  of  pages  to  the  beginning  of  the  next  row. 


*For  2870°k  tungsten  light 
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Based  upon  the  number  of  pixels  per  page  and  the  output  bit  rate, 
the  time  required  to  scan  a page  will  be  approximately  3.5  seconds.  Since 
the  page  height  is  11.6mm,  the  velocity  at  which  the  transport  must  move  during 
scanning  is  11.6/3.5  ■ 3.3mm/sec  (0.13  inches/sec). 

In  addition  to  controlling  the  motion  of  the  microfiche  through 
internal  feedback  loops,  the  position  controller  should  also  "communicate" 
with  the  computer.  Typical  commands  that  it  might  receive  from  the  computer 
are: 

Position  fiche  to  first  page 
Begin  "Y"  drive 

Advance  fiche  to  "next  page"  position 
Advance  fiche  to  load-unload  position 

In  turn,  the  controller  should  send  status  data  back  to  the  computer. 
Such  data  might  Include: 

Page  to  be  scanned  in  position 
Page  It  98  scanned 

A.5.A.1.A  Optical  System  and  Solid  State  Array  Selection.  The  optical 
system  must  be  configured  around  the  selected  solid  state  arrays.  To  achieve 
the  required  number  of  pixels  per  line  width,  a combination  of  a Reticon  1872 
element  and  a Reticon  512  element  array  are  recommended.  The  geometry  of  these 
arrays,  however,  prevent  them  from  being  physically  "butted-up"  to  form  an 
equivalent  238A  element  array  with  no  "dead  space"  between  them.  In  addition, 
the  element  sizes  associated  with  these  two  arrays  are  different.  The  1872 
array  element  size  is  15  microns  x 16  microns,  while  the  512  array  element 
size  is  25. A microns  x 25. A microns.  Consequently,  the  image  magnification 
requirements  associated  with  each  array  is  different.  Since  the  pixel  size 
at  the  fiche  plane  is  approximately  3.8  microns  x 3.8  microns  j9mm  ♦ (1872+512)j  , 
the  magnification  factor  for  the  1872  element  array  is  A. IX  while  for  the  512 
element  array  it  is  6.7X.  156 
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An  optical  system  configuration  that  will  meet  the  requirements  im- 
posed by  the  arrays  selected  above  is  presented  schematically  in  Figure  4-21 


As  shown  in  this  diagram,  a beam  splitter  and  two  lens  are  used  to 
generate  two  separate  images  of  the  page  being  scanned.  By  proper  positioning 
of  the  optical  elements,  the  required  magnification  factors  can  be  obtained 
while  at  the  same  time  maintaining  a common  image  plane.  The  two  arrays  are 
then  positioned  at  tht  image  plane  in  front  of  the  image  having  the  appropriate 
magnification  factor.  By  proper  positioning  along  the  image  plane,  the  two 
arrays  can  be  made  to  scan  the  entire  width  of  the  page  with  no  loss  or  re- 
dundancy in  information  output. 

Based  upon  the  performance  analysis  described  in  Section  3. 1.2.1,  the  lenses 


used  in  this  system  should  have  a response  of  50%  to  60%  at  130  lp/mm  (related 
to  the  microfiche)  over  the  9mm  format  width  and  at  the  appropriate  magnification 


ratios. 


4. 5. 4. 1.5 


Solid  State  Array  Logic,  Drive  and  Counting  Circuits.  The  basic 


logic  and  drive  circuitry  required  to  operate  the  arrays  are  standard  circuit  boards 
available  from  Reticon.  Signals  from  a master  clock  on  these  boards  can  be  used 
to  trigger  the  clocking  out  of  the  signals  from  the  array  elements.  By  proper 
triggering,  the  output  signals  from  the  two  arrays  can  be  combined  into  a single 
stream  of  data.  Pulses  from  the  logic  circuits  can  also  be  used  to  provide  the 
computer  with  clocking  and  "start  of  line"  information. 


FICHE 
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A counter-decoder  circuit  can  be  used  to  provide  "end  of  page"  in- 
formation to  the  computer.  This  can  be  achieved  by  using  the  counter  to  count 
the  start  of  line"  pulses  from  one  of  the  logic  circuits  as  the  page  is  being 
scanned.  Upon  reaching  a count  of  3000  (lines/page),  a signal  is  sent  to  the 
computer  indicating  that  the  page  has  been  completely  scanned. 

4. 5. 4. 1.6  Amplifier  and  Read  Only  Memory.  The  signal  from  the  array  is 

fed  into  a current  amplifier.  In  order  to  compensate  for  variations  in  the 
sensitivity  (output  charge  per  unit  input  intensity)  of  the  array  elements, 
the  gain  of  the  amplifier  is  controlled  by  a read  only  memory.  This  memory 
can  be  programmed  such  that  the  amplifier  gain  is  inversely  proportional  to 
the  sensitivity  of  each  element  of  the  array  on  an  element-by-element  basis. 
Thus,  while  the  signal  out  of  each  element  can  vary  an  estimated  + 12%  for  a 
given  light  exposure,  the  signal  out  of  the  amplifier  under  the  same  conditions 
will  essentially  remain  constant. 


4. 5. 4. 1.7  Threshold  Selector  and  A/D  Converter.  The  function  of  the 
threshold  selector  is  to  analyze  the  output  video  signal  corresponding  to 
density  variations  on  the  microfiche  and  establish  the  optimum  threshold  level. 

Upon  selection  of  this  level,  signals  above  this  level  are  digitized  as  l's 
(white  pixels)  and  signals  below  this  level  are  digitized  as  0's  (black  pixels). 

4. 5. 4. 1.8  Blank  Page  Detector.  The  function  of  the  "Blank  Page"  detector 
is  to  "recognize"  when  all  of  the  pages  on  a fiche  not  containing  a full  98 
images  have  been  scanned  out.  One  method  of  doing  this  is  to  count  the  number 
of  transitions  (white-to-black  and  black-to-white)  that  occur  as  the  page  is 
being  scanned  up  to  a minimum  number  of  counts,  N.  If,  N,  transitions  are  actually 
counted,  the  detector  defines  that  page  as  having  information  content.  However, 
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if  less  thaa,  N,  transitions  are  counted  during  scanning  of  a full  page. 


the  detector  defines  that  "page"  as  blank  and  sends  a "stop  scanning"  command 


to  the  computer.  The  selected  value  fox,  K,  will  depend  upon  how  many  trans- 


itions can  be  expected  from  only  noise  sources  (blemishes,  dust,  lint,  etc.) 


on  the  fiche. 


Using  such  a detector  will  prevent  the  scanner  from  sending  more  than 


one  blank  page  from  any  given  fiche  to  the  computer. 


4. 5. 4. 1.9  Computer  Interface.  Tne  requirements  and  functions  of  the 


computer  interface  are  discussed  in  Section  4. 5. 5.1  and  will  not  be  repeated  here. 


4.5.4.1.10  Printer  - Keyboard.  The  purpose  of  the  printer  - keyboard  is 


to  permit  the  operator  of  the  scanner  to  communicate  with  the  remote  users 


and  also  with  the  computer.  Typical  information  from  a remote  user  might  be 
in  the  form  of  requests  for  fiche  to  be  scanned  and  sent  to  his  display.  In 


turn,  such  status  data  as  appropriate  fiche  identification  and  "fiche  ready 


to  be  scanned"  might  be  sent  by  the  operator  to  the  computer. 


4. 5. 4. 2 


Scanning  System  Packaging  Concept.  A detailed  design  effort 


must  be  done  before  an  actual  scanning  system  package  can  be  defined.  Such 


considerations  as  ease  of  operation,  ease  in  maintainability  and  other  human 


factors  must  be  thoroughly  investigated.  Figure  4-22  presents,  however,  a con- 


ceptual sketch  of  how  the  system  might  look. 
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4.5.5  INTERFACES 

Due  to  the  unique  combination  of  software  and  hardware  incorporated 
in  the  design  to  permit  simple  generation  of  zoom  pictures,  a number  of  special 
nterfaces  are  required.  After  the  microfiche  image  has  been  scanned  and 
digitized,  it  must  be  properly  formatted  before  it  is  transferred  to  storage 
on  disk.  Again,  when  the  data  is  transferred  from  storage  and  ou.  of  the 
computer,  it  must  be  reformatted  before  transmission  at  high  speed  to  the 
output  terminal.  At  the  terminal,  the  data  must  be  converted  to  analog  form 
and  suitable  sweep  circuits  activated  to  control  the  display  horizontal  and 
vertical  scan  directions.  These  devices  are  described  in  the  following  sections. 

4. 5. 5.1  Scanner  - Computer  Interface.  Figure  4-23  is  a block  diagram 

of  the  interface  between  a scanner  unit  and  the  input  processor.  The  digitized 
data  is  received  from  the  scanner  in  serial  fashion.  It  is  then  converted  into 
parallel  data  consisting  of  16  bit  words  which  are  compatible  with  the  processor 
mode  of  operation.  A FIFO  (first  in  - first  out)  buffer  of  at  least  64  words 
is  provided  to  compensate  for  any  short  duration  differences  in  data  rates 
arising  from  the  asynchronous  mode  of  operation  employed  between  the  scanner 
and  processor.  The  buffer  allows  data  to  accumulate  at  times  when  the  processor 
is  performing  functions  which  prevent  it  from  accepting  the  input  at  a uniform 
rate.  Then,  when  the  processor  is  available,  data  is  taken  from  the  buffer  at 
a rate  exceeding  the  input  from  the  scanner.  A 16  bit  register  is  provided  at 
the  buffer  output  to  hold  a word  while  the  control  logic  determines  where  the 
data  is  to  be  transferred  and  gives  appropriate  commands  to  a demultiplexer 
unit  which  acts  as  a traffic  director.  Three  DMA  (Direct  Memory  Access)  devices 
are  used  to  input  information  into  predetermined  core  buffer  blocks  in  the  input 
processor.  Data  is  channeled  to  the  correct  DMA  through  the  demultiplexer  with 
registers  provided  in  each  line  to  hold  a word  during  the  input  cycle.  Scan 
data  is  assigned  to  a particular  DMA  in  accordance  with  the  following  partitioning 


criteria: 
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a ■ odd  lines,  odd  elements, 


b.  odd  lines,  even  elements,  and 


c*  even  lines,  all  elements. 


Three  DMA  devices  are  used  because  data  is  stored  in  three  separate 


buffer  blocks.  Use  of  one  DMA  would  require  interleaving  of  data  into  core 


memory  which  would  ultimately  result  in  an  intolerable  decrease  in  overall 


system  speed. 


The  control  logic  section  both  generates  and  receives  signals  to 


control  the  DMA  communication  cycle.  In  addition,  it  interacts  with  the 


scanner  using  such  inputs  as  the  pixel  clock,  start  of  line,  etc.  and  also 


instructing  the  scanner  to  stop  between  pages  if,  for  example,  the  processor 


should,  for  some  reason,  be  unable  to  accept  data  on  a continuous  basis.  The 


logic  also  keeps  track  of,  and  sends  to  the  processor,  the  sequence  number 


of  each  page  being  scanned. 
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4. 5. 5. 2 


Computer-Modem  Interface.  The  block  diagram  in  Figure  4-24 


illustrates  the  interface  required  between  the  output  processor  and  the  high 


speed  channel  modem.  Again,  in  order  to  conserve  program  operating  time. 


three  DMA  units  are  used  to  extract  data  from  the  three  associated  core  buffer 


blocks  in  the  processor  memory.  In  the  zoom  mode,  data  is  transferred  from 


disc  storage  to  the  three  core  buffers  and  located  according  to  its  classification 
as  shown  in  the  block  diagram.  A separate  buffer  is  supplied  for  odd  lines. 


odd  element;  for  odd  lines,  even  elements;  and  for  even  lines,  all  elements. 


Each  buffer  is  unloaded  through  its  respective  DMA  unit  into  an  output  buffer 


(composed  of  FIFO  devices)  whose  use  allows  asynchronous  operation  between  the 
modem  and  output  processor.  The  control  logic  sends  commands  to  a multiplexer 
which  combines  the  separated  data  into  its  original  scanner  sequence  and  then 


feeds  it  to  the  modem  for  high  speed  transmission  to  a display  terminal.  Communica- 


tion with  the  DMA  is  maintained  by  the  control  logic  which  generates  and  re- 


ceives the  required  control  signals. 


Operation  occurs  somewhat  differently  in  generating  a normal  picture. 


In  this  mode,  only  odd  lines,  odd  element  data  is  used  for  a display  and. 


therefore,  only  this  type  of  information  is  placed  in  the  core  buffer  while 


all  other  information  is  bypassed.  For  this  case,  all  data  is  transferred 


through  a single  DMA  device  and  a single  output  buffer  so  that  essentially 


a single  channel  output  system  is  achieved.  The  multiplexer  remains  in  a 


fixed  address  condition  and  is  transparent  to  the  overall  operation.  All 


action  remains  under  command  of  the  control  logic. 
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4. 5. 5. 3 


Modem-Display  Interface.  Figure  4-25  represents  a block 


diagram  of  equipment  necessary  as  an  interface  between  the  high  speed  channel 


modem  and  the  display  terminal.  The  modem  is  a high  speed  (300  kbits/second) 


receive  unit  only  and  has  an  input  (not  shown  here)  which  instructs  it  to 


operate  at  one  of  six  possible  carrier  frequencies.  A control  word  detector 


is  required  for  such  signals  on  Data  Ready,  Start  of  Line,  etc.  An  acknowledge 


generator  indicates  when  data  has  been  properly  received  and  also  initiates 


such  signals  as  Data  Request,  Not  Ready,  etc.  In  addition,  a two-line  buffer 


is  provided  in  order  that  the  display  line  scan  rate  may  operate  independently 
of  the  data  transmission  channel.  The  buffer  output  feeds  the  data  serially 


to  a beam  control  amplifier  which  turns  the  scanning  beam  on  and  off  in  accord- 


ance with  the  information  to  be  recorded  from  the  buffer. 


A linear  ramp  generator  controls  the  horizontal  scan  rate  and  is 


initiated  on  receipt  of  a control  signal  indicating  that  the  input  buffer 


is  full  and  about  to  begin  sending  data  to  the  display.  At  the  finish  of 


a scan  line,  the  ramp  circuit  generates  a signal  which  tells  the  control 


logic  that  it  has  completed  its  retrace  and  is  ready  to  begin  again.  Syn- 
chronization of  the  data  and  ramp  is  accomplished  by  the  control  logic. 


The  vertical  ramp  is  generated  by  means  of  a D/A  converter.  Thus  it 


iii  digitally  controlled  and  may  be  halted  or  restarted  at  any  given  time  in 


order  to  compensate  for  any  data  interruptions  which  may  occur.  Because  of 


this,  the  computer  is  not  required  to  send  data  continuously  except  on  a line 


by  line  basis.  Action  of  the  vertical  ramp  generator  is  also  under  command  of 


the  control  logic. 
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A zoom  cursor  generator  is  included  to  aid  the  viewer  in  selecting 


a portion  of  a normal  display  to  be  presented  in  the  expanded  mode.  This 


unit,  under  control  of  the  terminal  operator,  will  generate  on  the  screen 


an  outline  of  a box  approximately  covering  one-fourth  of  the  picture  area. 


The  operator  may  move  this  figure  to  any  desired  location  on  the  screen  by 


means  of  front  panel  mounted  thumbwheel  controls.  Cursor  generation  is 


accomplished  by  using  the  display's  non-storage  mode  of  operation.  This 


technique  drops  the  recording  beam  current  to  a point  which  is  Just  enough 


to  momentarily  excite  the  display  screen,  but  is  not  sufficient  to  store 


any  information.  In  this  nu^er,  a mobile  cursor  can  easily  be  positioned 


at  any  location  on  a previously  stored  image.  Utilizing  the  proper  front 


panel  controls,  the  operator  can  then  command  the  output  processor  to  present 


the  data  enclosed  by  the  cursor  in  the  zoom  or  magnified  mode. 


The  control  logic,  in  addition  to  synchronizing  the  data  and  ramp 


generators,  also  generates  and  detects  control  characters  and/or  status 


signals  in  order  to  ensure  proper  communication  with  the  computer.  Typical 


of  such  signals  are  Busy,  End  of  Cycle,  End  of  Line,  Start  of  Line,  etc. 


Zoom  cursor  requests  are  also  handled  by  the  control  logic  which  both  ini- 


tiates and  deactivates  the  zoom  cursor  generator  circuitry. 


There  is  also  a lower  speed  (48  kbits/second)  modem  which  ties  into 


the  display  which  permits  two-way  communications  with  the  FTD  Concentrator 


system.  However,  this  unit  requires  no  external  modifications  and  can  be 


interfaced  directly  to  the  display  terminal  which  already  has  provisions  to 


accept  such  a device. 
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4.5.6  DISPLAY  TERMINAL 


The  display  terminal  selected  for  the  Microfiche  Scanner  and  Remote 


System  is  the  Tektronix  Model  4014-1  Display  Terminal  provided  with  a vertically 


mounted  screen  and  a light  hood. 


The  display  unit  with  keyboard  is  secured  to  a pedestal  to  form  a 


desk  high  unit  as  shown  in  the  outline  drawing  of  Figure  4-26.  The  pedestal 


contains  power  supply  and  control  circuitry,  character  generator,  plus  com- 


munication interfaces  and  optional  interface  space.  An  XYZ  Analog  Input 


circuit  (940C  modification  kit)  is  required  to  provide  an  analog  interface 


for  transmitting  Images.  A Tektronix  Model  #4632  Video  Hard  Copy  Unit  is 


compatible  with  the  display  and  may  be  added  to  the  Microfiche  System  as 


optional  equipment  whenever  desired. 


The  functional  and  technical  specifications  for  the  terminal  are 


listed  below. 


Functional  Specifications 


The  terminal  must  interact  with  the  control  computer 
via  keyboard  to  initiate  all  operator  commands. 


The  display  terminal  must  be  capable  of  displaying 
microfiche  images. 


The  terminal  must  have  a built  in  character  generator 
to  transmit  and  receive  (on  the  display)  alphanumeric 
messages. 


The  terminal  display  must  provide  a cursor  overwriting 
capability  for  zoom  operation. 


Technical  Specifications 


Display  Model 


Tektronix  4014-1 


Display  Type 


Direct  View  Storage  CRT 


Display  Area 


11"  wide  x 15"  high  (vertical 
mounting) 
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Keyboard 


96  characters  (full  ASCII  upper 
and  lover  case) 

Resolution  - 1500  elements/ 15"  height 

Alphanumeric  Cursor  - 7x9  dot  matrix 

Graphic  Cursor  - Yes 

Writing  Rate  - > 5000  Inches/second 

Brightness  - 8ft -L  at  6:1  contrast  ratio 

Configuration  Display  Unit  with  keyboard 

secured  to  pedestal  to  form  a 
desk  height  unit 

Options  - 940C  XYZ  analog  Input  card 


SECTION  V 

SYSTEM  IMPLEMENTATION  PLAN 
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5.0  GENERAL 

I 

$ 

A system  implementation  plan  is  presented  herein  which  may  be 
exercised  in  two  or  three  steps  during  system  procurement  in  order  to  | 

optimize  the  risk  exposure  to  the  government  and  spread  cost  expenditures. 

I 

5.1  ENGINEERING  SYSTEM  I 

s 

I 

I 

A basic  Engineering  System  configuration  of  the  Microfiche  Scanner 
and  Remote  Display  System  can  be  completed  during  a 12-month  schedule.  The 
Engineering  System  would  provide  the  essential  hardware  and  software  to  perform 
all  system  verification  tests  and  eliminate  all  risk  for  subsequent  procurement  jj 

leading  to  full  system  implementation.  The  Engineering  System  configuration,  j 

illustrated  in  Figure  5-1,  includes  the  1st  article  scanner,  the  computer  with 
two  processors  and  minimum  core  and  discs.  Two  display  terminals,  interfaces, 
and  high  speed  modem  sets  will  be  provided.  The  system  represents  the 

minimum  configuration  needed  to  validate  equipment,  software  and  system  j 

performance.  The  Engineering  System  equipment  can  be  directly  applied  to  the  ' 

final  operational  system. 
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INITIAL  OPERATIONAL  CONFIGURATION 


The  next  phase  in  the  implementation  is  to  provide  an  Initial 


Operational  Configuration  which  is  deliverable  as  an  operational  system  to 


FTD.  It  represents  a complete  system  with  40  remote  terminal  stations.  The 


Initial  Operational  Configuration  is  built  up  by  adding  equipment  to  the 


Engineering  System  including:  a second  scanner,  additional  computer  core 


and  disks,  38  display  terminals  with  modems,  and  4 high-speed  transmit-only 


modems.  In  addition,  a 9600  bps  line,  48  Kbps  modems,  and  a multiplexer 


are  supplied  to  interface  with  the  FTD  updated  facilities.  Some  additional 


software  must  also  be  prepared.  The  system  can  be  supplied  within  16  months 


FINAL  OPERATIONAL  CONFIGURATION 


The  final  phase  adds  60  remote  stations  (display  terminals  with 


modems)  to  provide  a Final  Operational  Configuration  of  100  remote  stations. 


SYSTEM  IMPLEMENTATION  SCHEDULE 


A schedule  for  implementation  of  the  various  system  steps  is  given 


in  Figure  5-2.  All  activities  required  for  full  system  implementation  are 


completed  within  24  months. 
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SYSTEM  COST  ELEMENTS 


The  total  system  cost  structure  Is  estimated  In  Table  5-1. 


TABLE  5-1 
TOTAL  SYSTEM  COST 


Cost 

Total 

Engineering  System  (2  Term.) 

$ 775,000 

- N/R  $420,000;  R $355,000 

Interim  Operational  Capability 
(40  Term.) 

$1,240,000 

$2,015,000 

Final  Operational  Configuration 
(100  Term.) 

$1,175,000 

$3,190,000 

Approximately  $420,000  of  the  total  system  cost  is  non-recurring 
and  would  not  apply  to  the  cost  of  procuring  a second  system. 
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SECTION  VI 


SUMMARY  OF  RECOMMENDATIONS  AND  CONCLUSIONS 


A number  of  recommendations  are  made  based  cn  the  conclusions 


of  this  study.  These  reconmendations  and  conclusions  are  summarized 


below. 


Based  on  the  results  of  analyses  and  simulation 
experiments  conducted  during  the  study,  it  has 
been  concluded  that  the  Microfiche  Scanner  and 
Remote  Display  System  is  feasible.  The  system 
will  provide  an  efficient  and  cost-effective 
interface  between  a microfiche  storage  center 
and  remote  microfiche  users.  EPSCO  Labs  recom- 
mends full  implementation  of  the  system  at  FTD. 


EPSCO  Labs  recommends  a two  step  implementation 
plan  leading  to  the  installation  and  acceptance 
of  the  Microfiche  Scanner  and  Remote  Display 
System  at  FTD.  A phased  procurement  will  minimize 
the  risk  exposure  to  the  government  and  spread 
cost  expenditures. 


A primary  concern  at  the  offset  of  the  study  was 
the  ability  of  available  display  units  to  produce 
highly  legible  displays  of  microfiche  documents. 

On  the  basis  of  actual  simulation  demonstrations, 
it  has  been  concluded  that  the  Tektronix  Model 
#4014-1  Direct  View  Storage  Display  Terminal  fully 
meets  the  demanding  viewing  requirements.  The 
terminal  was  recommended  based  on  an  overall 
assessment  including  other  analyses. 


A solid-state  scanner  was  recommended  as  the  micro- 
fiche digitizer  based  on  an  overall  assessment  of 
performance,  cost,  reliability  and  maintainability. 


The  FTD  microfiche  data  base  contains  a variety 
of  textual  documents  of  different  quality  levels 
and  letter  heights  ranging  down  to  about  0.025 
inch.  A system  "zoom"  capability  is  recommended 
so  that  a 2:1  magnification  of  the  image  size  can  be 
obtained  at  the  display.  This  results  in  a 
doubling  of  the  effective  resolution  so  that  the 
smallest  symbol  sizes  can  be  clearly  displayed. 
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• Although  excellent  results  were  obtained  dis- 
playing "zootned"  Images,  the  adverse  effect  of 
microfiche  film  density  variations  across  ex- 
tremely small  characters  and  fine  grid  lines  was 
evident.  It  is  apparent  that  the  legibility  of 
these  characters  is  affected  by  the  threshold 
level  used  in  digitizing  the  analog  signal  ob- 
tained from  the  microfiche  scanner.  It  is 
reconmended  that  the  thresholding  problem  should 
be  studied  and  circuitry  developed  in  order  to 
optimize  the  legibility  of  poor  quality  micro- 
fiche originals  containing  excessive  density 
variations. 


•vJ 


It  has  been  concluded  that  data  compression  is 
not  required.  Two  advantages  one  would  expect 
to  obtain  from  data  compression  are  lower  storage 
equipment  needs  and  faster  transmission  rates. 
While  the  storage  needs  can  be  decreased,  nothing 
is  gained  in  the  area  of  data  transmission  speed. 
Furthermore,  increased  cost,  complexity  of  equip- 
ment, and  susceptibility  to  errors  make  data  com- 
pression undesirable. 


No  attempt  will  be  made  to  check  for  errors  or 
correct  transmitted  pictorial  data.  The  con- 
clusion is  that  error  detection  is  unnecessary. 

Image  data,  by  its  very  nature  contains  a large 
amount  of  redundancy  and  thus  can  accomodate  many 
errors.  In  addition,  the  coaxial  cable  system  being 
used  for  data  transmission  provides  a reasonably 
noise-free  medium. 
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APPENDIX  A 


MICROFICHE  SCANNER  PERFORMANCE  AND  PARAMETRIC  ANALYSES 


A.O 


INTRODUCTION 


In  Che  analysis  of  the  candidate  scanners,  analytical  models  of 
the  scanners  were  generated.  These  models  predict  the  performance  (output 
signal-to-noise  ratio)  of  the  scanners  as  a function  of  the  spatial  frequency 
at  the  microfiche  plane.  In  this  Appendix,  these  models  are  developed. 


A.l 


MODULATION  TRANSFER  FUNCTIONS 


The  modulation  transfer  function  of  a scanner  describes  the  ability 
of  tiie  scanner  to  reproduce  an  input  sine  wave.  The  IITF  is  defined  as  the 


amplitude  response  of  the  system.  The  overall  scanner  KTF , designated  as  Tg(K) 


is  the  ratio,  as  a function  of  spatial  frequency,  of  the  modulation  in  the  out- 
put signal  to  that  in  the  input. 

f t V\ 

(A-l) 


i.  e. 


M (K) 


where. 


K ■ the  spatial  frequency 


- the  modulation  of  the  input 


V (K)  ■ the  modulation  of  the  output  signal 
o 


In  the  case  of  the  microfiche  scanner,  the  input  modulation,  M^,  can 


be  defined  in  terms  of  the  contrast  ratio,  C , of  the  fiche 

R 


M 


C,  - 1 

R 


i CR  + 1 


(A- 2) 
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In  the  analytical  models  of  the  scanners,  the  input  signal,  S^,  is 
expressed  in  terms  of  the  difference  in  transmitted  light  intensity  through 


the  fiche 


i.e.  S - AE  - E - E 

i max  min 


where, 


E ■ the  maximum  intensity  through  the  fiche 
max 


E » the  minimum  intensity  through  the  fiche 
min 


Since  the  contrast  ratio  is  defined  as  Emax/£min*  the  signal  can  be 


expressed  as 


Si  ‘ E»l»  <CR  - » 


The  average  intensity,  E,  through  the  fiche  can  be  defined  as 


E + E . 
max  min 


or,  in  terms  of  the  contrast  ratio,  C 


E„ln  (CR  + » 


Solving  equation  (A-6)  for  E . and  substituting  that  expression  back 


into  equation  (A-4),  equation  (A-4)  becomes 


'* ' 2(vri_) 


si  ' 2 V 


&i?i'  irfnri  • Sihfi 
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When  the  entire  scanner  is  considered,  the  input  signal  is  transferred 

and  affected  by  many  individual  components.  Each  of  these  components  has  a unique 

MTF.  Consequently,  the  processes  that  convert  the  average  light  intensity  through 

the  fiche  (E)  to  an  average  output  electrical  current  (I  ) also  reduces  the  mod- 

o 

ulation  of  the  input  signal.  Therefore,  the  output  signal  of  the  scanner  Sq(K) 
is  given  by 


So(K)  - 2 Mo(K)  IQ 


(A-9) 


• 2 ai  ’.«> 


(A*10) 


Equation  (A-10)  has  been  used  in  the  development  of  the  signal  ex- 
pression of  all  the  scanner  analytical  models  presented  below. 


S 

1 


A.  1.1  COMPONENT  MODULATION  TRANSFER  FUNCTIONS 

The  response  of  the  overall  scanner  is  the  product  of  the  responses 
of  all  of  the  components  of  the  scanner.  The  purpose  of  this  section  is  to 
present  a general  description  of  the  component  MTF's  and  identify  which  MTF's 
are  associated  with  each  scanner. 


A. 1.1.1  MTF  of  Lens . In  modeling  the  various  scanners,  the  lenses 

selected  were  assumed  to  be  diffraction  limited.  Aberration-limited  lenses 
were  not  considered. 


The  MTF  of  a perfect  diffraction-limited  lens  is 


00 


_2_ 

IT 


COS 


tiK 


(A-ll) 
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where , 


X - the  wavelength 


D » lens  aperture  diameter 


F ■ focal  length  of  lens 


A.l.1.2 


The  MTF  of  an  electron  beam  can  be  cal- 


culated assuming  the  beam  spot  has  a Gauss.'an  shape.  The  MTF  Is  obtained  by 


taking  the  Fourier  transform  of  the  Gaussian  distribution.  The  result  is 


tr(K)  _ e-2n2K2o2 


(A-12) 


where , 


o » standard  deviation  of  the  Gaussian  distribution 


In  this  study,  a,  is  taken  to  be  one-fourth  of  the  spot  diameter; 


where  the  spot  diameter  is  defined  as  the  full  width  of  the  Gaussian  distribution 


between  the  5%  amplitude  points 


A.l.1.3 


When  an  aperture  is  used  to  "sample" 


the  signal,  the  modulation  of  the  sampled  signal  is  reduced.  If  the  aperture  is 


circular,  as  in  the  case  of  the  image  dissector  considered  in  this  study,  the 


MTF  describing  the  reduction  in  modulation  is  the  following: 


t <K) 
ap 


2J,  (irD  K) 
i a 


<Arl3) 


where. 


is  a Bessel  function 


• aperture  diameter 


A.l.1.4  MTF  of  Solid  State  Line  Array.  The  MTF  associated  with  the 
solid  state  array  is  principally  the  result  of  rhe  finite  size  and  spacing 
of  the  sensing  elements. 


For  an  element  width,  d,  and  assuming  no  dead  space  between  the 
elements,  the  modulation  transfer  function  takes  the  form 


T (K).  -8-^d> 
a itKd 


(A-14) 


A. 1.1. 5 Image  Motion  MTF.  One  possible  approach  to  scanning  a fiche 

page  using  a solid  state  line  array  requires  that  the  fiche  be  moved  at  a 
constant  velocity  along  the  page  length.  This  motion  results  in  a loss  in 
response  along  the  direction  of  motion.  In  terms  of  an  MTF,  this  loss  in 
response  can  be  expressed  as 

sin(irA  K) 


■ in 


m 


(A-15) 


where, 


Am  - the  magnitude  of  the  image  motion  at  the  surface 
of  the  array  during  the  integration  time. 


A . 1 . 1 . 6 Image  Section.  Camera  Target  and  Readout  Section  MTF's.  Mod- 

ulation transfer  functions  can  be  derived  for  image  sections,  camera  targets 
and  readout  sections.  However,  such  expressions  can  become  quite  complex.  In 
addition,  assigning  numerical  values  to  some  of  the  terms  contained  in  these 
expressions  is  frequently  quite  difficult.  Consequently,  when  possible,  ex- 
perimental MTF  data  from  various  manufacturers  is  used  in  place  of  analytically 
derived  MTF's  for  these  components. 
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A.l.1.7 


Scanner  MTF ' a . The  MTF's  used  in  the  analytical  models  of  each 
scanner  is  a function  of  the  particular  scanner  being  modeled.  Table  A.1  be 
low  shows  which  of  the  component  MTF ' s discussed  above  are  associated  with 

each  of  the  scanners  being  analyzed. 


TABLE  A-l 

COMPONENT  MTF's  FOR  SCANNERS 


MTF  of  electron  beam 


Solid  State 


DEVELOPMENT  OF  ANALYTICAL  PEAK  SIGNAL-TO-RMS  NOISE  MODELS 


A. 2 


Presented  below  is  the  development  of  the  analytical  models  of 
the  candidate  scanners  described  in  Section  3.1. 


A. 2.1  ANALYTICAL  PEAK  SIGHAL-TO-RMS  NOISE  MODEL  FOR  THE  IMAGE 

DISSECTOR  SCANNING  SYSTEM 

The  image  dissector  scanning  system  is  described  in  Section  3. 1.1.1 
of  this  report.  To  summarize,  a page  of  the.fiche  is  imaged  onto  the  image 
dissector  photocathode.  The  resulting  photoelectron  image  is  scanned  across 
an  aperture.  Those  electrons  passing  through  the  aperture  enter  an  electron 
multiplier.  The  amplified  signal  is  then  fed  into  the  preamp  and  subsequently 
into  other  signal  processing  electronics. 


A. 2. 1.1  Output  Signal  Current.  In  this  section,  a mathematical  expression 
for  the  output  signal  current  associated  with  the  image  dissector  scanning  system 
is  derived. 


2 

For  an  illumination  level  behind  the  fiche  of,  E,  (watts/cm  ),  the 
average  illumination,  E,  in  front  of  the  fiche  is  to  be  calculated  by  the 
equation: 


(A-16) 


where , 


CR  ■ the  contrast  ratio  of  the  fiche 


The  corresponding  average  illumination  ?'at  the  image  dissector 
photocathode  is  given  by  the  expression: 


— L 2 

E’-  — = . (watts/cm  ) 

4r  (M  + ir 
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t 


i 


where. 


f ■ /f  of  the  lens 
M * magnification  of  the  lens 


t ■ transmission  of  the  lens 
L 


The  illumination  E has,  however,  spectral  characteristics.  These 
characteristics  become  important  in  determining  the  magnitude  of  the  output 
current  resulting  from  this  illumination.  Consequently,  E will  be  replaced 
by  the  expression: 


E -*•  W / W.  dX 
p o X 


where, 


W - peak  spectral  power  (watts/nm) 
P 


W ■ relative  spectral  power 


X * wavelength  (nm) 


thus. 


, <S  * » “p  V*  (v.tts/o2)  (A-18) 


8 CRf2  (M  + l)2 


The  average  current  density  emitted  from  the  dissector  photo- 


cathode, Ic,  is: 


I - 

c 


(C„  + 1)W  S W.o.dX 
R p p L o X X 


8CRf2(Mfl)2 


(amps/cm  ) (A-19) 


where , 


S * peak  spectral  sensitivity  of  the  photocathode 
p (amps/watt). 


a.  ■ relative  spectral  sensitivity  of  the  photo- 


cathode 


The  corresponding  current,  1^,  through  the  dissecting  aperture  having 


an  area  A is: 
a 


I ■ A I (amps) 
a a c 


(A-20) 
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shot  noise  of  the  photoelectrons 
noise  due  to  the  electron  multiplier 
thermal  noise  of  t te  load  Impedance 


A. 2. 1.2.1  Shot  Noise  of  the  Photoelectrons.  As  derived  in  Section  A. 2.1.1, 


the  photoelectron  current,  Ifl,  passing  through  the  dissecting  aperture  is: 


'Cn+1)A  W St,/  W.o.dX 

I ■ A I - . a P P L- .9  A.*— 

a a C 8CRf2(Mfl)2 


(A-26) 


This  current  has  a shot  noise  current,  1^,  associated  with  it.  This 


shot  noise  current  is  defined  as: 


i - <2eI  Af) 

a a 


(A-27) 


where. 


Af  - video  bandwidth 
e ■ electronic  charge 


This  noise  current  is  amolified  by  the  electron  multiplier  in  the 
same  way  as  the  signal  current. 


Thus,  the  output  noise,  i , due  to  the  photoelectrons  can  be  ex- 

A 


pressed  as: 


i - G (2el  Af) ' 
a m a 


„ r(yi)eAfAaWpSptL/Vox  X-  ‘ 

“ 4C_f2 (M+l)2 

K J 


(A-28) 

(A-29) 
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A. 2. 1.2.2  Noise  Due  to  the  Electron  Multiplier.  The  electron  multiplier 

uses  secondary  electron  emission  from  the  dynodes  to  amplify  the  signal.  This 
secondary  electron  emission  process  generates  its  own  noise.  This  noise  con- 
tribution is  a function  of  the  electron  current  entering  the  multiplier  and 
also  a function  of  the  secondary  emission  ratio  of  the  first  dynode  of  the 


multiplier.  Defining,  im>  as  the  noise  current  due  tc  this  secondary  emission 


process,  i takes  the  form: 


i' 

m 


2el  Af 
a 


6 -1 


(A-30) 


where, 


6 « secondary  emission  ratio  of  the  first  dynode. 

m 


As  in  the  case  of  the  photoelectron  shot  noise  current,  this  current 


is  amplified  by  the  electron  multiplier.  Thus, 

l5* 


1'  - G 
m m 


2el  Af 

a 


6 -1 

o 


(A-31) 
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(C„+l)eA  f A W S t.f  W.o.dX 
R a p p L o X X 


4C  f2  (5  -1)(JH-1)2 
K m 


(A-32) 


where, 


i^  - the  output  noise  current  corresponding  to  i^. 


A. 2. 1.2. 3 Thermal  Noise  of  the  Load  Impedance.  The  output  "load"  im- 

pedance haa  a thermal  or  "Johnson"  noise  associated  with  it.  In  terms  or  a 


noise  current,  it,  this  noise  is  defined  by  the  expression: 


*4kTAf  “I  ' 

Lt  "LV". 


(A-33) 
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k - Boltzmann's  constant 


T - absolute  temperature 


R^  “ load  Impedance 


The  average  noise  associated  with  the  scanning  system  is  assumed 


to  be  the  RMS  value  of  all  the  above  noise  currents. 


The  complete  analytical  peak  signal-to-RMS  noise  expression  for 


the  image  dissector  scanning  system  is  presented  in  Section  A. 3. 


A. 2. 2 ANALYTICAL  PEAK  SIGNAL-TO-RMS  NOISE  MODEL  FOR  THE  FLYING  SPOT 
SCANNING  SYSTEM 


The  flying  spot  scanner  is  described  briefly  in  Section  3. 1.1. 2 of 


this  report.  Due  to  its  simplicity  of  operation,  its  description  will  not 


be  repeated  here. 


A. 2. 2.1 


Output  Signal  Current.  The  output  signal  current  of  the  flying 


spot  scanner  is  a function  of  the  intensity  of  the  light  on  the  face  of  the  CRT. 


This  intensity  can  be  determined  as  follows: 


For  A CRT  electron  besm  current,  I_,  an  anode  voltage,  V , and  a 

O a 


dead  voltage,  V.,  (resulting  from  penetration  of  the  conductive  film  in  front 
a 


of  the  phosphor),  the  power,  P,  delivered  to  the  phosphor  is  given  by  the  ex- 


pression: 


f ■ VW 


(watts) 


(A-34) 


The  corresponding  powsr  density,  P^,  delivered  to  the  phosphor  is 


„ p vw 

0 ' "S  *1 


(watts/cm  ) (A-35) 


.'•V  WWS!**. 


rnmmmmmmmm 


where, 


Afi  - area  of  the  beam 


The  light  intensity  output,  Ep,of  the  CRT  resulting  from  PD  is 


given  by  the  expression: 


e -pnL  ; * d\ 

p Dp  o X 


(A-36) 


- ^ (watts/cm2)  (A-37) 


B 


where, 


L - peak  monochromatic  output 


of  the  phosphor  (watts/watt/nm) 


♦,  - relative  spectral  output  of  the  phosphor 


At  the  plane  of  the  microfiche,  but  before  passing  through  the 


flche,  the  light  intensity,  E^,  is 


WWl7  *XdX  5 

Ep'“  J— 2 5 (watts/cm2)  (A-38) 

P A^fptMj+ir 


where, 


tL  - the  transmission  coefficient  of  the 
1 demagnifying  lens 


- the  " /f  of  the  lens 


Mj  - the  demagnification  ratio  of  the  lens 


Upon  passing  through  the  fiche,  the  average  light  intensity  E'  is 
given  by  the  expression: 


I 


, r 

p tv r 


p (watts/cm  ) 


(A-39? 
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In  turn,  the  average  total  amount  of  light  passing  through  the 


The  corresponding  output  signal  Sq(K)  is  thus, 


S (K)  - 2M.t  (K)I 
o iso 


From  the  chart  presented  in  Section  A. 1.1. 7,  the  component 


(A-45) 


responses  comprising  ts(K)  are  tl  and  tr. 


i.e. 


t 00  - t (K)t  (K) 

8 K 


(A-46) 


Thus,  the  completed  output  signal  expression  for  the  flying  spot 
scanning  system  takes  the  form: 

s (K)  ■ (amps) 

o 


‘ViV1’2 


(A-47) 


A. 2. 2. 2 Output  Noj.se  Current.  The  noise  sources  associated  with  the 

flying  spot  scanning  system  are: 

shot  noise  of  the  CRT  electron  beam 
shot  noise  of  the  PMT  photoelectrons 
noise  due  to  the  electron  multiplier 
thermal  noise  of  the  load  impedance 

A. 2. 2. 2.1  Shot  Noise  of  the  CRT  Electron  Beam.  The  shot  noise  current, 

i^,  associated  with  the  CRT  electron  beam  is  given  by  the  expression: 


H,  - <2eVf) 


(A-48) 


where. 


Ig  ■ the  electron  beam  current 
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The  same  method  used  to  obtain  an  output  current  I corresponding 


to  the  electron  beam  current  ID  is  now  used  to  obtain  an  output  noise  current 

D 


i'  corresponding  to  the  CRT  shot  noise  current  i,  • This  method  leads  to: 

n » 


Gm(CR+1)Ml2(2eIBM)  <VVd)LptL1tL2Sp/\°XdX 


K - 


(A-49) 
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A. 2. 2. 2. 2 Shot  Noise  of  the  PMT  Photoelectrons.  The  photoelectron  current. 


I , is  defined  by  equation  (A-43).  The  shot  noise  current,  ic,  corresponding 


to  I is  defined  as: 
c 


i - (2el  Af) 
c c 


(A-50) 


The  noise  current  is,  in  turn,  amplified  by  the  gain  of  the  electron 


multiplier.  Thus,  the  output  noise  current,  i^,  due  to  the  PMT  photoelectrons 


is  given  by  the  expression: 


i'  - G i 
c me 


(A-51) 
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(A-52) 


A. 2. 2. 2. 3 Noise  Due  to  the  Electron  Multiplier.  As  in  Section  A. 2. 1.2. 2, 


the  noise  current,  i , dufe  to  the  electron  multiplier  is  given  by  the  expression, 

ID 


[2el  AfT 

— 

6 -1 

m J 


(A-53) 


>■:  - 


:■ ....  ..  .■ 


***<-&*i\ 


where,  Ifl,  in  the  case  of  the  image  dissector  is  equivalent  to,  Ic,  in  the 

case  of  the  flying  spot  scanner.  This  noise  current  is  also  amplified  by 

the  electron  multiplier.  The  output  noise  current,  i^,  corresponding  to 

i , is,  therefore,  G i , or, 
m*  m m 


i'  - G 
m m 


(C_+l) eAf M,  I (V  -V.)L  t t.  SI  ♦ o dX 
R lBadpL^I^p^X 


nH 


(A-54) 


A. 2. 2. 2.4  Preamp  Noise.  The  expression  for  the  thermal  noise  of  the  load 

impedance  is  the  same  as  in  the  case  of  the  image  dissector  scanning  system 
(Sections  A. 2. 1.2. 3 and  A. 2. 1.2. 4). 


The  complete  analytical  peak  signal-to-RMS  noise  expression  for 
the  flying  spot  scanning  system  is  presented  in  Section  A. 3. 


A. 2. 3 ANALYTICAL  PEAK  SIGNAL-TO-RMS  NOISE  MODEL  FOR  THE  VIDICON 
CAMERA  SCANNING  SYSTEM 

The  vidicon  camera  scanning  system  is  described  in  Section  3. 1.3.1  of 
this  report.  To  summarize  here,  a page  on  the  fiche  is  focussed  onto  the  uni- 
formly charged  photoconductive  target.  Each  element  of  the  target  is  discharged 
an  amount  proportional  to  the  amount  of  light  striking  that  element.  An  out- 
put electrical  signal  corresponding  to  the  input  image  is  obtained  by  replacing 
the  charge  removed  from  each  element.  This  is  achieved  by  scanning  the  tar- 
get with  a low  enetgy  electron  beam. 

A. 2. 3.1  Output  Signal  Current.  The  average  light  illumination  at 

the  photoconductive  target  can  be  derived  in  a manner  identical  to  that  used 
in  Section  A. 2. 1.1.  That  is,  for  an  illumination  level  behind  the  fiche  of 

oo  2 — 

E ■ W / W,dX  watts/cm  , E'  at  the  photoconductive  target  is  given  by  the 
p O A 

expression: 

E'  - (watts/cm  ) (A-18) 

8CRf 2(M+1)2 

2 

Expressed  in  terms  of  photons  (or  "quanta")  per  cm  per  sec, 

(C_+1)W  tt/°°XW.dX 

K P L A 

° 2 

TJ*  •+•  E'  ■ (photons/cm  -sec)  (A-55) 

*1  2 2 
8hcCRf  (M+l) 


where, 

h - Plank's  constant 
c » speed  of  light 
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For  an  exposure  (or  integration)  time  of,  T , and  a resolution 


element  on  the  target  of  area,  A,  the  number  of  photons,  Np,  striking  a 


resolution  element  is 


E’T  A - 
q e 


AT  (C_+1)W  t ./  XW.dX 
6 K p L A 
0 


8hcCRf2(M+l)2 


(photons/res. ele.) (A-56) 


The  quantum  efficiency,  nx,  of  the  target  is  defined  as  the  average 
number  of  electrons  released  within  the  photoconductor  for  every  incoming 
photon.  The  value  of,  n^,  is  a function  of  the  wavelength  of  the  incoming 


light.  Thus,  for,  Np,  photons  striking  a resolution  element,  that  resolution 


element  is  discharged  by  an  amount,  AQ, 


where. 


AQ 


eATe(CR+l)WptLAnxWxdX 


8hcCRf2(Hfl)2 


(couls/res.  ele.)  (A-57) 


(e  ■ electronic  charge) 


During  readout,  a fraction,  n , of  this  charge  is  replaced  in  a 


time  At,  where  At  is  approximately  equal  to  ^ (Af  - video  bandwidth). 

2Af 


The  output  current,  Iq,  generated  in  the  target  circuit  by  this 
readout  process  is,  therefore,  given  by  the  equation: 


n AQ 
c 


— - 2ncAf AQ 


(amps) 


(A-58) 
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The  corresponding  output  signal  Sq(K)  is  equal  Co: 


2M.x  (K) I 
is  o 


(amps)  (A- 59) 

From  the  chart  preserted  in  Section  A. 1.1. 7,  the  component  re- 


sponses comprising  ^(K)  for  the  vidicon  camera  are  x^,  x target  an^  T readout 

section 


la  6«  } 

2 

CO 

H 

where, 

xt(K) 

x (K) 
rs 

lL'  ' t'  ' rs' 


Thus,  the  completed  output  signal  expression  for  the  vidicon 
camera  scanning  system  takes  the  form: 


So(K)  - 


M.x  x x (C_+l)n  AfeAT  W t ,/  Xn.Vf.dX 
iLtrsR  c epL  XX 

o 


2hcCRf 2 (Mfl)2 


(amps) 


(A-60) 


A. 2. 3. 2 Output  Noise  Current.  The  noise  sources  associated  with  the 

vidicon  camera  scanning  system  are: 

Quantum  noise 

Noise  due  to  the  photoconductive  target 
Shot  noise  due  to  the  read  beam 
Shot  noise  due  to  the  target  dark  current 
Preamp  (load  impedance)  noise 
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A. 2. 3. 2.1 


a'” 


Quantum  (Image)  and  Target  Noise.  The  average  number  of 


photons  striking  a resolution  element  is,  Np,  and  is  defined  by  equation 


A-56.  Assuming  Poisson  statistics,  the  RMS  fluctuation  in  this  number  of 
photons  is  the  noise  associated  with  the  input  image. 


In  addition,  the  photoconductive  target  contributes  its  own  noise 
to  the  signal.  If  the  assumption  is  made  that  the  randomness  of  the  "photon- 
to-electron"  process  is  best  described  in  terms  of  a Poisson  distribution, 
then  this  noise  contribution  can  be  taken  into  account  by  "multiplying"  the 


image  noise  by  the  factor,  F^, 


where, 


V1 


(A-61) 


Thus,  in  terms  of  corresponding  noise  electrons,  n , per  resolution 


element : 


n ■ n 

e 


{¥)■- 

[vv»»pp 


(A-62) 


(electrons/res.  ele.)  (A-63) 


However,  recognizing  the  wavelength  dependence  of  n^,  ng  must 
really  be  expressed  as: 

h 


AT  (CD+l)w  t.f  Xn, (n,+l)w.  dx 

B K p L A A A 
r O 


8hcCDf2(M+l)2 

K 


(electrons/res.  ele.) 

(A-64) 
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The  equivalent  noise  charge,  q^,  in  terns  of  couls/res.  ele. 


is  e(ne). 


This  noise  charge  is  transferred  out  of  the  scanner  in  the  same 
manner  as  is  the  signal  charge, AQ.  Thus,  the  output  noise  current,  i^n 

resulting  from  the  input  quantum  noise  is: 


qn 


n q 

——  m 2en  Afn 
At  c e 


(A-65) 


e2n  2Af2AT  <CD+1)W  t. /“in,  (hj+DU, dX 
c eR  p L q A A A 


2hcCRf2(W-l)2 


(amps) 


(A-66) 


A. 2. 3. 2. 2 Shot  Noise  Due  to  the  Read  Beam.  The  expression  for  the 

current,  Iq,  generated  in  the  target  (output)  circuit  by  the  read  process 
is  obtained  by  substituting  the  expression  for,  AQ,  in  equation  A-57  into 
equation  A-58.  This  "charge  replacement"  current,  originating  from  the 
read  electron  gun,  has  a shot  noise  component  given  by  the  expression: 


i - (2el  Af) 
r o 


(A-67) 


where,  if  * the  shot  noise  due  to  the  read  beam. 


By  combining  equations  A-57,  A-58  and  A-67,  the  shot  noise  in  the 
read  beam  can  be  expressed  as: 

(A-68) 


re2Af2n  AT  (C_+1)W  t.  V dX 
c e R p L A A 


2hcCRf2(M+l)2 
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A. 2. 3. 2. 3 Shot  Noise  Due  to  the  Target  Dark  Current.  During  the  read 


process,  a second  current,  1^,  is  observed  in  the  output.  This  "dark  current" 


is  the  result  of  leakage  in  the  target.  While  this  current  does  not  contrib- 


ute to  the  output  signal,  it  does  contribute  to  the  noise  in  the  signal.  Its 


noise  current,  i.,  is  equal  to  (2eI.Af). 

a a 


A. 2. 3. 2. 4 Preamp  Noise.  The  expression  for  the  thermal  noise  of  the 


load  impedance  is  the  same  as  in  the  case  of  the  image  dissector  scanning 


system  discussed  above.  The  complete  analytical  peak  signal-to-RMS  noise 


expression  for  the  vidicon  camera  scanning  system  is  presented  in  Section  A. 3. 


A. 2. 4 ANALYTICAL  PEAK  SIGNAL-TO-RMS  NOISE  MODEL  FOR  THE 

LASER  SCANNING  SYSTEM 


Th”  aser  scanning  system  is  described  in  Section  3. 1.1. 4.  While 


the  method  used  to  generate  a scanning  spot  is  different  from  that  used  in 


the  flying  spot  scanner,  the  approach  used  to  generate  an  output  signal  from 


the  fiche  is  basically  the  same. 


A. 2. 4.1 


Output  Signal  Current.  The  light  rom  the  laser  is  inherently 


collimated.  Thus,  the  development  of  the  analytical  model  for  the  laser  scanner 


takes  a slightly  different  form  from  the  cases  where  diffuse  light  is  used  to 


illuminate  the  fiche. 


If,  P,  is  the  output  power  of  the  laser,  the  light  power,  Pj  at 


the  back  surface  of  the  fiche  is  given  by  the  expression: 


P'  - t t t.  P 
so  sp  L^ 


(watts) 


(A-69) 


where, 


t * transmission  of  the  beam  shaping  optics 


t * transmission  of  the  spinner 
sp 


t = transmission  of  the  objective  lens 
L1 
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transmission  of  the  collecting  lens) 


P"  results  in  an  average  PMT  photocathode  current,  Ic»  This  current  is 
defined  by  the  expression: 


I 

c 


S o.P" 
P * 


(CD+1)S  a.  t t tT  tT  P 
R p X so  sp  L2 


2C. 


(amps) 


R 


(A-7 


where,  Sp  » peak  spectral  sensitivity  of  the  PMT  photocathode 

(amps/watt) 

* 

c . - relative  spectral  response  of  the  photocathode 
at  the  wavelength  of  the  incoming  light 


The  corresponding  PMT  output  current,  1^,  is  equal  to: 


*_ 

G S o.P"  (amps) 
m p A 

where,  Gm  * the  gain  of  the  multiplier 


(A-7 
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mV 


where,  from  the  table  in  Section  A. 1.1. 7, 


t (K)  - t.  (K) 
s L 


(A-75) 


Thus,  the  completed  signal  expression  takes  the  form: 


MiTL<CR+1>G»SpV.<,t.ptL,V 
VK> c — 


(amps)  (A-76) 


A. 2. 4. 2 Output  Noise  Current.  The  noise  sources  associated  with  the 

laser  scanning  system  are: 

Shot  noise  of  PMT  photoelectrons 
Laser  noise 

Noise  due  to  electron  multiplier 
Preamp  noise 


A. 2. 4. 2.1  Shot  Noise  of  PMT  Photoelectrons  and  Laser  Noise.  The  photo- 


electron current,  I , is  defined  by  equation  A-72.  The  shot  noise  current, 


i , corresponding  to,  I , is  defined  as: 
c c 


i ■ (2el  Af)** 


(A-50) 
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However,  Che  laser,  Itself,  contributes  a substantial  amount  of 


noise  to  the  photoelectron  current,  1^.  For  this  analysis,  the  laser  noise 


contribution  will  be  taken  into  account  by  multiplying,  i^,  .by  a noise  factor. 


k.  Thus,  the  total  noise  current,  i in  the  photoelectron  current,  Ic,  is 


defined  as: 


icl  - *(2eIcAf) 


(A-77) 


This  noise  current,  in  turn,  is  amplified  by  the  gain  of  the 


electron  multiplier.  Thus,  the  output  noise  current,  ^1  due  to  the 


PHT  photoelectrons  and  the  laser  itself  is  given  by  the  expression: 


eAf(C_+l)S  <J*t  t t.  t.  P 
R P A SO  sp  L. 

i\  ■ G i • G if  = 

cl  m ct  m CR 

— — 


(A-78) 


A. 2. 4. 2. 2 


Noise  Due  to  Electron  Multiplier.  The  noise  current,  iffl,  due 


to  the  electron  multiplier  has  already  been  discussed  in  other  sections  and 


is  defined  by  equation  A-53.  Recognizing  that  this  noise  current  is  amplified 


by  the  gain  of  the  multiplier  and  substituting  the  right  side  of  equation  A-72 


for,  Ic,  results  in  the  following  expression  for  the  cutput  noise  current  i^ 


due  to  the  electron  multiplier. 


i»  - G 
m m 


eAf(C_+l)S  o.t  t t.  t.  P 
R p X so  sp  Lj 


(A-79) 
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A. 2. 4. 2. 3 Preamp  Noiae.  The  expressions  for  the  thermal  noise  of  the 


load  impedance  is  th?  same  as  in  the  cases  of  the  other  scanning  systems 


discussed  above. 


The  complete  analytical  peak  aignal-to-RMS  noise  expression  for 


the  laser  scanning  system  is  presented  in  Section  A. 3 . 


A. 2. 5 ANALYTICAL  PEAK  SIGNAL-TO-RMS  NOISE  MODEL  FOR  THE 
SOLID  STATE  SCANNING  SYSTEM 


The  solid  state  scanning  system  is  described  in  Section  3. 1.1. 5. 


While  the  method  used  in  "reading  out"  the  signal  differs  from  that  used 


in  the  vidicon  camera  system,  the  signal  transfer  mechanisms  of  the  two 


systems  are  basically  the  same.  In  addition,  the  principle  noise  sources 


associated  with  the  two  systems  are  the  same. 


A.2.5.1 


Output  Signal  Current.  The  output  signal  for  the  solid 


state  scanning  system  is  derived  in  the  same  way  as  was  the  output  signal 


for  the  vidicon  camera  system.  In  the  case  of  the  solid  state  system, 


however,  the  entire  signal  stored  in  each  element  of  the  array  is  read  out 


(i.e.  nc  ■ 1).  Thus,  combining  equation  A-57  and  A-58  and  setting  n£  - 1, 


the  average  current,  Iq,  out  of  the  array  is  given  by  the  equation: 


AfeAT  <CB+1)W  t ./  XivW,dX 

6 K p L A a 
O 


4hcCRf2(M+l)2 


(amps) 


(A-80) 
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From  the  chert  presented  in  Section  A. 1.1. 7,  the  component 


responses  comprising  t^OO  for  the  solid  stste  scanning  system  are  t 


and  tim. 


The  output  signal,  Sq(K),  is,  therefore,  equal  to: 


2M. ttt  ttuI 
i L a IM  o 


MiVaTIM(CR+1>AfeATeVl/  Xr>AWXdX 


2hcC_f'(M4-l)i 


A.2.5.2 


Output  Noise  Current.  The  noise  sources  that  will  be  considered 


here  are  those  associated  with  the  photodiode  (Reticon)  array.  They  are: 


Quantum  noise 


Noise  due  to  the  photoconductive  array 


Shot  noise  associated  with  the  charge 
replacement  (readout)  process 


Shot  noise  due  to  the  array  dark  current 


Preamp  noise 


The  analysis  used  in  obtaining  expressions  for  each  of  the  above 


noise  terms  is  identical  to  that  used  in  deriving  the  expressions  for  the 


noise  terms  associated  with  the  vidicon  camera  scanning  system.  In  fact. 


the  expressions  for  the  total  noise  current  associated  with  the  photodiode 


array  and  the  vidicon  camera  are  the  same  provided,  nc#  is  set  equal  to  "1" 


in  the  photodiode  array  case. 


The  complete  Analytical  peak  signal-to-RMS  noise  expression  for 
the  photodiode  linear  array  scanning  system  is  presented  in  Section  A. 3 , 


ANALYTICAL  PEAK-SIGNAL-TO-RMS  NOISE  MODELf  FOR  CANDIDATE  SENSORS 


The  analytical  peak-aignal-to-RMS-noise  models  developed  for  the 
candidate  scanners  are  presented  in  Equations  (A-82)  through  (A-85) . 


i.;  . -aV  ...  - . — — ja 


AND  PHOTODIODE  ARftAY  SCANNING  SYSTEMS 


I 


A. 4 


RELATIONSHIP  BETWEEN  SCANNER  SIGNAL-TO-NOISE  RATIO  AND 
OVERALL  SCANNER-DISPLAY  PERFORMANCE 


Sections  A.l  and  A. 2 of  this  appendix  have  presented  in  detail 
the  development  of  the  scanner  signal-to-noise  models.  In  scanner-display 
systems  where  the  analog  signal  from  the  scanner  is  fed  directly  into  the 
display,  the  scanner  output  signal-to-noise  ratio  (SNR)  would  have  a direct 
affect  on  the  quality  (resolution  and  legibility)  of  the  reconstructed  image 
on  the  display.  However,  in  the  proposed  Microfiche  Scanner  and  Remote  Dis- 
play System,  the  scanner  signal  will  be  digitized.  That  is,  the  signal  from 
each  picture  element  will  be  characterized  as  either  black  (0)  or  white  (1). 
Tnis  information  will,  in  turn,  be  stored  in  the  computer.  Thus,  the  con- 
sideration here  is  that  the  SNR  is  large  enough  such  that  all  of  the  picture 
elements  are  correctly  digitized. 

The  analysis  presented  below  will  show  that  a SNR  of  20:1  at  the 
130  lp/mm  operating  resolution  ia  more  than  sufficient  to  insure  100X  accurate 
digitization. 

A. 4.1  ANALYSIS  RELATING  SNR  TO  DIGITIZATION  ACCURACY 

The  scanner  signal-to-noise  equations  were  developed  using  the 
assumption  that  the  incoming  signal  and  all  the  signal  transfer  mechanisms 
have  a random  nature  associated  with  them.  Consequently,  the  signals  (in- 
put and  output)  can  be  described  by  Poisson  statistics.  That  is,  during  a 

given  sampling  period,  the  input  light  levels  (E.  and  E ) and  the  corres- 

rain  max 

ponding  output  current  levels  (Inln  and  1^)  have  certain  probabilities  of 
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having  certain  values.  These  probabilities  follow  Poisson  distributions. 
Each  distribution  curve  has  its  peak  at  the  nominal  minimum  and  maximum 
levels. Figure  A-l  presents  this  signal-probability  concept  graphically. 


By  definition,  the  noise  associated  with  such  a signal  is  equal 
to  the  standard  deviation,  o,  of  a similar  probability  distribution  having 
its  peak  value  at  the  nominal  E (E  average)  or  T level.  In  the  case 
where  the  maximum  signal  level  is  not  much  greater  than  the  minimum  signal 
level,  the  o's  associated  with  each  of  the  three  distributions  are  approxi- 
mately the  same. 


In  terms  "f  output  SNR,  the  output  signal  current  is  defined  as 

I - I 
max  i 

the  output  noise  is  defined  as  o, 


(where  I and  I . are  taken  as  their  "nominal  values") . Since 
max  min  max  min 


S 

N 


Imax~Imin 


(A-86) 


or, 


(4)o 


I -1  4 
max  min 


(A-87) 


These  relationships  are  also  shown  in  Figure  A-l. 


In  digitising  the  output  current,  a threshold  level  is  selected, 
typically  at  I.  Current  levels  above  this  threshold  are  digitized  as  "white" 
while  current  levels  below  this  threshold  are  digitized  as  "black".  However, 
it  can  be  seen  from  Figure  A-l  that  sampled  current  levels  in  the  TBln  dis- 
tribution that  fall  above  this  threshold  will  be  incorrectly  digitized.  Sim- 
ilarly, sampled  current  levels  in  the  Imav  distribution  that  fall  below  this 
threshold  will  be  incorrectly  digitized.  The  probability  of  each  of  these 
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conditions  occuring  is  equal  to  the  shaded  area  in  Figure  A-l, (assuming  that 
the  probability  distributions  are  normalized).  Obviously,  it  is  desirable 
to  keep  this  probability  very  low.  Analyses  shows  that  this  probability  is 
of  the  order  of  1 x 10  ^ for  a lOo  spread  between  the  two  distribution  curves. 
Expressed  in  other  terms,  this  probability  is  of  the  order  of  1 x 10~^  for 
a signal-to-noise  ratio  of  10:1. 

In  the  case  of  the  proposed  Microfiche  Scanner  and  Remote  Display 

+6 

System,  a page  on  the  fiche  will  be  converted  into  approximately  7 x 10 
"black"  or  "white"  picture  elements.  Thus,  for  the  error  probability  of 
1 x 10-6,  an  average  of  only  7 of  the  7 x 10+6  picture  elements  will  be  in- 
correctly digitized. 


A. 4. 2 CONCLUSION 

The  above  analysis  shows  that  scanners  exhibiting  an  output  signal* 
to-noise  ratio  of  10:1  or  greater  at  the  130  lp/mm  operating  resolution  can 
be  considered  as  candidate  pcsuners  for  this  application.  However,  in  order 
to  realize  a certain  "margin  of  safety",  a minimum  signal-to-noise  ratio  of 
20:1  at  130  lp/mm  has  been  selected  as  a performance  specification  for  the 
microfiche  scanner. 
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APPENDIX  B 


SIMULATION  EXPERIMENTS 


INTRODUCTION 


During  the  performance  of  the  Microfiche  Scanner  and  Remote 


Display  System  study,  s number  of  simulation  experiments  were  conducted 


to  evaluate  candidate  display  devices.  Typical  microfiche  from  the  FTD 


data  base  were  scanned  and  displayed  on  both  non-storage  cathode  ray  tube 


and  direct  view  storage  CRT  devices.  The  simulation  experiments,  which  in 


part  were  demonstrated  for  government  personnel,  were  invaluable  in  vali- 


dating the  performance  and  selection  of  the  Tektronix  #4014  for  the  Microfiche 


System.  The  details  of  the  teats  that  were  performed  and  the  results 


obtained  are  presented  in  this  appendix. 


SIMULATION  EXPERIMENTS  WITH  LIPS  AND  STORAGE  DISPLAY 


A number  of  experiments  were  conducted  during  the  study  to  investi- 


gate the  feasibility  of  using  a direct  view  storage  terminal  to  display 


microfiche  images.  Initial  experiments  were  conducted  using  a Laser  Image 


Processing  Scanner  to  scan  the  microfiche  images  and  a Tektronix  Model  #61i 


storage  display  monitor  with  a 8-1/2"  x 6-1/2"  screen  to  display  half  page 


Images.  Results  using  the  available  display  were  of  sufficient  quality  to 


justify  extending  the  experimental  tests  to  full  page  displays  on  a Tektronix 


Model  #4014  Display  Terminal.  In  addition  to  having  s larger  screen  (11"  x 


15"  display) , this  terminal  has  a higher  spatial  resolution  than  the  older 
#613  monitor  and  also  has  a built-in  keyboard. 


The  results  obtained  with  the  Tektronix  #4014  Display  Terminal  were  of 


high  quality.  Coupled  with  the  results  of  other  trade-off  analyses  conducted 


during  the  study,  the  experiments  helped  justify  the  selection  of  the  terminal 


for  use  in  the  Microfiche  Scanner  and  Remote  Display  System. 
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MICROFICHE 


SIMULATION  EXPERIMENTS  TEST  EQUIPMENT 
DISPLAY  TERMINAL  AND  LIPS  SCANNER 

FIGURE  B-I 


This  section  will  describe  the  simulation  experiments  performed 
with  the  #4014  Display  Terminal,  the  experimental  equipment,  results  obtained, 
and  areas  identified  requiring  further  study.  A number  of  tests  were  conducted 
including:  display  resolution,  zoom  experiments,  writing  speed  tests,  and 

pulsed  writing. 


B.1,1 


TEST  EQUIPMENT 


A block  diagram  of  the  test  equipment  for  the  simulation  tests  is 
shown  in  Figure  B-l.  An  actual  photograph  of  the  equipment  is  given  in 
Figure  B-2.  The  Laser  Image  Processing  Scanner  and  controller  (EPSCO  Labs' 
product)  provided  the  digitized  video  input  signal  obtained  by  scanning  a 
microfiche  image  as  well  as  the  horizontal  analog  ramp  to  drive  the  display 
terminal.  The  vertical  ramp  signal  and  pulse  width  control  signal  (used  for 
controlled  pulse  writing  experiments)  was  supplied  tv  commercial  equipment. 
The  digitized  video  signal,  horizontal  and  vertical  sweeps,  and  video  pulse 
width  signals  were  all  fed  into  the  Tektrov  lx  #4014  Display  Terminal  via  a 
Tektronix  XYZ  Analog  Input  circuit  board  which  allows  the  terminal  to  operate 
in  an  analog  raster  mode. 


B. 1.1,1  Laser  Image  Processing  Scanner  - The  Laser  Image  Processing 

Scanner  was  used  during  the  experiments  in  order  to  demonstrate  display  terminal 
limited  performance.  This  was  possible  because  of  the  small  laser  beam  spot 
size  available  (1.25  to  40  microns)  for  scanning  the  microfiche. 


A functional  block  diagram  and  photograph  of  the  LIPS  system  with 
cover  removed  are  shown  in  Figures  B-3  and  B-4.  A central  feature  of  the  LIPS 
is  the  single  laser  which  provides  the  light  source  for  both  scanning  and 

retarding. 
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PHOTOGRAPH  OF  SIMULATION 
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LASER  IMAGE  PROCESSING  SCANNER  (LIPS) 
PHOTOGRAPH  AND  BLOCK  DIAGRAM 
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For  Che  simulation  experiments  only  the  scanning  function  was  required.  In  the 
scan  mode  the  microfiche  page  to  be  scanned  is  mounted  upon  a precision  quartz  cy- 
linder which  has  a photodetector  inside.  The  cylinder  is  rotated  and  driven  in  an  axial 
direction  by  means  of  a precision  lead  screw  drive.  With  the  scanning  beam 
remaining  stationary  in  space,  the  image  may  be  scanned  out  line-by-line . 

The  signal  is  derived  by  scanning  the  film  with  the  laser.'  The 
varying  transmission  of  the  microfiche  provides  analog  voltage  density  values 
for  each  picture  element.  These  density  values  are  then  digitized  (either  black 
or  white  for  the  display  tests)  and  routed  to  the  display  terminal. 

B.l.1.2  Tektronix  #4014  Display  Terminal  - The  Tektronix  #4014  Display 

Terminal  Is  a commercially  available  large  format  (15  inches  wide  by  11  Inches 
high)  display  unit  featuring  a direct  view  storage  cathode  ray  tube  and  a 96 
character  (full  ASCII  upper  and  lower  case)  keyboard. 

The  display  unit  (with  keyboard)  is  secured  to  the  pedestal  to  form 
a desk-height  unit  as  shown  in  the  outline  drawing  of  Figure  4-25.  The  display 
unit  can  be  modified  to  a vertical  orientation  as  illustrated.  The  pedestal 
contains  power  supply  and  control  circuitry,  character  generator,  plus  inter- 


face cards. 


The  terminal  can  oparata  in  either  a digital  mode  for  character 
generation  and  vector  plotting!  or  in  a raster  analog  mode  (with  an  optional 
interface  circuit  card)  as  in  conventional  television. 

An  important  feature  of  the  display  terminal  is  its  storage  capability. 
Information  needs  to  be  transmitted  to  the  CRT  only  once  where  it  can  be 
stored  indefinitely.  This  results  in  a conservation  of  bandwidth  since  the 
display  need  not  be  refreshed  ae  with  a non-storage  CRT.  The  resulting  display 
is  completely  stable,  without  image  motion  effects  or  flicker. 

B.1.2  RESOLUTION  EXPERIMENTS 

Resolution  experiments  were  conducted  to  determine  the  optimum 
performance  capability  of  the  #4014  Display  Terminal  when  displaying  samples 
of  the  7TD  microfiche  data  base. 


■ ,vV 


*•*§ 
V 


Several  parameters  were  varied  during  the  tests  including:  the 

microfiche  imagery,  which  contained  characters  of  varying  slse,  graphics, 
and  variable  density  letters;  the  number  of  elements  per  line,  laser  besm  spot 
size  and  threshold  settings  for  controlling  the  display  writing  beam. 


B. 1.2.1  Microfiche  Containing  Typewritten  Documents  - Figure  B-5 

represents  a photograph  of  an  optically  enlarged  microfiche  page  containing 
typewritten  letters  with  approximately  0.080"  high  lower  case  characters.  The 
same  page  photographed  as  displayed  on  a good  quality  optical  viewer  is  shown 
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in  Figure  B-6.  Several  images  were  displayed  on  the  #4014  terminal  while 
varying  the  number  of  elements  per  scan  line  and  the  laser  beam  spot  size. 

Figure  B-7  represents  the  page  digitized  to  1600  elements  per  scan  line 
(using  a 2.5  micron  laser  apot  diameter),  vhile  Figure  B-8  illustrates  a 
displayed  image  of  800  elements  per  line  with  the  same  apot  size.  Note 
that  in  the  1600  element  case  excellent  results  were  obtained.  No  attempt 
was  made  to  optimize  resolution  by  pulsed  writing  techniques  (see  Section  B.1.5). 
In  subsequent  experiments,  a resolution  of  1160  elements  per  line  was  deter- 
mined to  be  a good  trade-off  in  order  to  optimize  legibility  yet  maintain 
a reasonable  overall  system  configuration. 


Microfiche  Page  Containing  a Standard  Government  Form  - Another 
test  of  the  resolution  capability  of  the  Tektronix  #4014  Display  Terminal 
utilized  the  standard  government  form  shown  photographed  in  Figure  B-9.  The 
small  italicized  lower  case  letters  are  approximately  0.040"  in  height.  Figure 
B-10  shows  the  same  document  photographed  from  an  optical  viewer  (as  an 
analyst  presently  perceives  microfiche  Images  at  FTD) . Displayed  Images  are 
shown  in  Figures  B-ll  and  B-12  where  1,600  and  800  elements  per  line  are  used 
respectively.  The  former  display  resulted  in  good  legibility  where  the 
smallest  words  can  be  recognized.  The  use  of  800  elements  per  line  resulted  in 
broken  up  illegible  text. 


FIGURE  B-6 
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DISFLAYED  ON  AN  OPTICAL  VIEWER 
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to  test  hardware  used  for  dynamic  stability,  aeroelastic  flutter 
and  gust  load  testing. 
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MICROFICHE  PAGE  OF  A STANDARD 
GOVERNMENT  DOCUMENT  DISPLAYED 
ON  THE  #4014  TERMINAL 
(800  ELEMENTS/ LINE) 


B.1.3  ZOOM  EXPERIMENTS 

The  need  for  a "room"  capability,  or  ability  to  magnify  an  Image 
by  a factor  of  two,  becomes  apparent  when  microfiche  pages  typical  of 
Figure  B-13  are  displayed.  Figure  B-14  shows  the  same  microfiche  photographed 
from  the  display  terminal.  Note  that  many  of  the  graphs  and  subscripts  are 
so  small  they  are  impossible  to  read. 

A zoom  capability  was  simulated  by  scanning  the  microfiche  Image 
at  twice  the  resolution  (3200  elements  per  line)  and  only  displaying  one- 
quarter  of  the  page  (1600  elements  per  half- line).  Figures  B-15  and  B-16 
show  the  result  of  2X  zoom.  While  the  legibility  of  the  tex'.  and  graph  has 
improved,  subscripts  are  still  difficult  to  read.  It  is  clear  that  some  type 
of  image  enhancement  is  needed  to  bring  out  the  subscripts  and  grid  lines  on 
the  graph. 


B. 1.4  MICROFICHE  DENSITY  VARIATIONS 


Although  the  results  obtained  during  the  zoom  experiments  were  good 
for  most  of  the  microfiche  sampled,  the  adverse  effect  of  variations  of  the 
film  density  across  extremely  small  characters  and  fine  grid  lines  was  evident. 
It  is  apparent  that  the  legibility  of  these  characters  is  affected  by  the 
threshold  level  used  in  digitizing  the  analog  signal  obtained  from  the 
microfiche  scanner.  Full  use  of  the  microfiche  is  not  being  utilized. 
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Nkht(-ZiAk-F«rrH« 

N<fcei  Z qennq*(  Porosda 

•*«'de*'  4'S  Mat«*>.*i  *u'  Au»ze*cbnungs- 
«oo*e  m M*qreiOandg*r»ler  benutzt  und 
lud  *u'  M'kroweHen  Ferr’boueiemente 
"•b*"  ve  em.qe  bedeutunq  Em  mm ere* 
An^^nOijnqsqeb  el  konnten  mdokbve  Bau 
»u«  Ult»a*urzwei»e"  Sem  Be* 
Magnetkopfe'-  >»?  ge*.r>qe  PwoHll  erto< 
derl'Cb  U"1  #'r.4rand*»«>*  Spaltaeom»tr  >er 
• erwirklicben  Zu  konnen  u»d  u<n  moglicbft 
hone  Ver»cbie*rtiest*qkeit  zu  erhaiten  Mi** 
steber  a<so  die  mec ban.*c hen  EiqenscbaMen 
•m  Vorde'grund  wabreml  m den  anderen 
Fallen  df  qermqe  Porosdat  zu*  Erz>etuno 
bestimmie*  maynehscbe'  E*gensc  batten 
e'«o»d*MK:h  »t 

NiCkel-Zmk  Ferrite  kann  man  verbeltms 
mart'q  leirhr  m,t  boner  relative*  D«Me 
"ersteiton  Scbwengkeiten  be*e*ten  erst 
Poro»*laten  unter  1° 

Betrachtet  rnan  /unarh»t  den  Sinter 
prozert  to  gilt  m der  Kerarmk  d>e  Reget 
del*  man  m. t steigender  Smtenemperatu* 
und  Smterdauer  ger>og«re  Po*oe  talen  #r- 
halt  Die  Ob#'»iac ►’enenerg.e  an  de*.  C'*"/ 
Mecben  zw*seb#n  den  Poren  und  dam  kom 
pakten  Material  wird  durcb  die  Varkleme 
rung  der  Poren  ver  rngen  wobe<  der  htcrxu 
erforderiiche  Materialtranaport  durcb  Drffu- 
non  ertolgt  Be  Fernlen  kann  d>eeef  Vor 
gang  redoc*  dadu'c*.  geoton  erer den  daft 
der  Werfcstoft  be i hober  Temperatur  rwcht 
etab»i  «et  Be*  N<ke<  Zmk-Fernten  dor 
Formal 

N».Zn  .Fe  O. 

konnan  be*  hohan  Temparaturan  rwai  «to- 
randa  Pro/eaaa  auttratan  Zum  aratan  gi« 
formal  gaaa^an  aucb  fur  dae  *m  Farrit  ant 
beltane  Eiaenond  d«e  Reek tionegieic hung 
6 Fe  0 «4  Fe.O.  ♦ 0 

«robe<  a*ch  das  Claicngawicbt  mit  sta^jandar 
Temperatur  nacb  rechts  verscbiebt  D*e 
Saoaratoffabepaitung  ovirkt  m Rtchtung  auf 
ane  Nautxfdung  oder  die  VergroOerung 
vorbandanar  Poran  Qeicbieitig  fuhn  d«a 
Abapaltung  von  Sauerotoff  iur  B^dung  von 
AmonanfabistaHan  „nd  demit  zu  Veranda- 
r ungen  der  magnat'schan  E-ganacbaftan 
Um  nun  d«e  Sawarstoffabapaltung  emfu- 
icbrankan  odar  <u  vartundarn  ampfiablt 
SKth  die  Smterung  m fnf  Atmoapbara  von 
bobam  Sauarstolipaniaklruck 

Df  z wa<t a Prozefl  der  die  Anwandbar 
ka«t  bober  Smtartamparaturan  und  longer 
Smtarxaitan  eracbwen  iM  d«a  Varftucbti- 


gung  von  Z*nk  D-ese*  Vo* gang  sp.e't  s»cb 
an  da*  Ob*,  iliac  be  des  Ferrits  ab  und  fubrt 
t I emer  analyt'tch  nacbwoisbaren  imt  zu 
r><  nmandam  Abstand  von  der  Obarf^acbe 
aonabn.andan  Vara»mung  uek  Ferrits  an 
Z>nk  Inwieweit  die  Zmkverdamofung  emer 
EmfluB  au>  die  Porowtat  bat  itt  unkiai  In* 
EmfiuA  auf  d-e  magnetiscben  E ^genscbafter 
z w>ng i taoocr*  da/u  d*e  Abspaitunq  von 
Zmk  zu  unterdrucken  Bekannt  itt  dart 
aucb  die  Zmk  abapaltung  dutch  Erhonen 
das  Sauerstofipart.aidrucks  m dci  Smte> 
atmospbore  varrmgan  warden  kann  E n 
Be*sp*ei  dafu*  dart  die  Smterung  m Sauer 
StoM  von  Atmoapharandruck  tataacbf<h  zu 
boneren  Dicbtawartan  fubrt  ala  die  Smter 
rung  m LuM  zeigt  Md  la  fur  dan  Fall  emes 
Nickel  Zmk  Ferrif.  der  Zunammeneetzung 

Ni  .Zn  .Fe  O, 

Oberheib  t ?S0  X Smtertamparatui  smd 
die  DicMewerte  be*  Snte'ung  m Sauer 
stoff  grortar  bai  tie»eren  Smta'tempara 
turen  argibt  s<b  aMerdmgs  m Lu*t  o*na  rata 
tiv  hobere  Dicbta  B.id  lb  zeigt  fur  dan 
■at  ban  Fall  dan  Variauf  der  Anf  eng  spar 
maabifitai  Aucb  ha*  bat  das  m Lub  gasm 
tarta  Farnt  bar  niadrigen  Smtartamparaturan 
eme  bober  e Permeate  let  dw  obarbeib  1 200  X 
abar  stark  abfaKt  Be*  Smterung  .n  Sauer  St  0^1 
btarbt  dar  Masimatwart  madr^ar  und  wvd 
arat  bar  hoberen  Smtartamparaturan  awe«bt 
Aucb  die  KnetelMengroAe  bagt  be*  Smta 
rung  m Luft  zuna chat  bober  steigt  abar 
rmt  zunebmender  Smtartamparalur  SCbwa 
cier  an  Em  ahnhcbes  Varhaltan  wurda 
aucb  an  andaran  stocbiomatriacb  zuaamman- 
gaaatztan  N<kai-Zmk  Ferr  *an  baobacbtat 
und  man  mocbta  daraus  scbkertan  dart  be* 
Smtarung  m Luft  das  Mata  ret  am#  hohare 


Fabisteiienkon/entreiion  bat  die  dan  Abtau* 
das  S*ntarprozasaes  zunachat  bagunstigt 
bis  be*  honen  Smtartamparaturan  dar  nags 
live  Emflurt  dar  Sauurstoffsbsoaltung  und 
Zm kverdampfung  ubarwiagt  D«aaa  Ergeb 
msse  >agan  es  nabe  bai  da*  Smterung  zu 
naebst  in  sauerstoffarmar  Atmoapba't  aul 
Zuneizen  uno  erst  m.t  steigande*  Tempe 
ratur  da"  Sauarstoffpartiakfruck  zuerbo'ie" 
Um  noch  bobare  D*ci‘tawerte  zu  arnelten 
schemer  Smter urigen  unter  noch  hobe»en 
weit  uba'  Atmospabrendruck  hinausreicnen 
derr  Sauerstoffparliatdruck  e.nnvoti  doc*, 
wu'tie"  derartige  Versucbe  n<ht  durrbge 
lubri 

Um  d«  be*  bohen  Smtertemoeraturei 
siorenden  E mfiusse  auszuacbaften  wrrd  man 
mm  bastrebi  sem  d*e  zu  Er.-iekmg  bocb 
d-ebter  Femte  notwendigan  Temperature" 
ab/usenken  Dazu  muft  man  von  da*  Be 
sc  batten  bait  da«  zu  emternden  Teita  aus 
getter-  Dnrte  Teke  warden  m:t  MHfe  erne* 
Pmrtvo* gangs  aus  erne m pulverfornkgan 
Ronstnffgemisch  Oder  emem  Ferntpulver 
das  abar  noc*>  kam  voNatandig  auagebii 
dates  SpmeMgittar  iu  haban  brauebt  bar 
ganietit  Wasantbch  fur  die  erforderlicbe 
Smta'tamperatu'  amd  die  Eiganacbaftan 
das  Pui vers  und  die  angewandten  Prert 
badmgungan  B#mt  Prartvorgang  wird  man 
s»ct>  bamunan  amen  wentg  poroaan  Prert 
I mg  iu  er  batten  m dam  die  Bar  ub  rungs 
Mac  ban  zwiseben  dan  emzatnan  Pern  kam 
Jur  Ertaicbtaiung  des  Smter prozass as  mog 
kcbai  grofl  smd  Die  relative  Ocbte  amas 
sofeban  Prertimgs  kegt  *m  aligamainan 
z wise  ban  S5  und  70S,  von  deriemgen  das 
• ertigen  Ferrits  Da  die  Robstoffe  odar 
Fernto  Mver  mebt  plaatiacn  varformbar  amd 
arrarebt  d*  Prertkngadicbta  rnrt  staigandam 
Pr eOdruck  sab r ba*d  amen  Crenzwert 


PHOTOGRAPH  OF  MICROFICHE  PAGE 
WITH  SMALL  SUBSCRIPTS  AND  GRAPHS 

FIGURE  B-13 
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•rhMie  karn  be  haute  no»  au*  «*per>*T*en 
tanam  Wtq«  «t croba-  rheoratecna 
Uw  tgungar.  «»-  'd.ng-»  «»n»cn«  Mi*ta  be* 
dei  Au»«4M  dai  durchiuluhranOan  V«' 
kucbe  ie*ktm  honnen 

N*ckai-Zlnk-FarTtta 

N*cka«  Zink-Famte  gar -nger  Poromla. 
•vardrn  *1*  Matmu»i  tv*  Autxa*rhnunga- 
kopf#  m Magnatbandgareter-.  banulzt  und 
mJct'  fur  Miknpmadan  Feir*«b«ualamaott. 
nabon  ve  a*moe  badeuiuoq  Ein  waiter  e* 
Anwnnd«mg*get»«1  konntm  mdukUve  Bou 
e*ememe  tv  UHfHur/«*4i«r  Ba* 

Mjgnatkopfor.  Trt  gac.nge  Poimui  actor 
derbch  im*  errv*andfre*e  Spaltgaomatrmr 
varw*rkl*chan  lu  konnen  uod  um  moykrbal 
hot**  VrractUaWVeM«|ka>i  ru  erha.'ar>  H«a« 
siahec  emu  d*«  machan*act>m  E iganochahm 
irr  Vurdargrund  wehrarxj  ci  Oan  andaran 
FaMan  dw  gannge  Porokrtat  rut  L' /Thirty 
Oaabcnmiat  rrvagnelmchar  Eigenac  flatten 
arlordacbch  mt 

N*ckel-/m*i  Ferine  karm  man  vertiaftnm 
mafta)  lacW  mrt  *Ww  relative*  DkMc 
rier«e#en  Schvmengkettm  Umectm  real 
Poraartatan  unter  1' 

betiechtet  wan  monachal  dm  Smlec 
prozeft  ao  gdi  m dec  Keranwk  dr  Reger 
daC  man  »mt  *te*genoer  Smterlemperatu- 
und  S*nter  dauec  geemgere  Poroertaten  e» 
hah  Da  ObarHecheneneegm  an  dm  G»an/- 
tlac nan  rwiachan  dm  Poem  und  den*  kom 
pakten  Malarial  wed  durch  d*a  Verb  lame 
rung  dar  Po>m  vcrnngerl  **obe*  dar  tuerzu 
eel  order  be  he  Mater**..  —-.eport  dutch  D*tfu 
von  erfotgt  Da*  Fernten  **ann  d*aaa<  Vor 
gang  fadoch  daducct*  gaetort  wardan  daft 
dar  WerketoM  be*  hoha*  Temperate  nrcht 
at abrf  <at  Bat  Nickat  Zmh  Fern  ten  dot 
Format 

N'.Zn.  .Ft  O. 

ko rmtn  bat  hohan  rempereCurm  rwa  *x> 
ran da  Prozaeaa  euttreten  Zum  acatan  gdl 
formal  fleeeherv  auch  fur  daa  mt  Facnt  ant 
haltma  Emano.id  d*e  Raakttonagla^hung 

6 Fe,0.— -d  Fa.O.  - O . 

woba*  Pch  daa  GtavhgawicM  mil  atatgandar 
Ta  nparatie  nach  rachta  varachtabt  Oe 
Saueratottabapaltung  wirbl  m FUchtung  auf 
vna  Neubddung  odar  d*a  Vatgroftnrung 
vorhandanar  Porm  G*a*chxaibg  fi^irt  da 
Abepaltunj  von  SauaratoH  xur  Badung  «on 
Antonenfahiatedm  und  damn  zu  Varanda 
rungm  dar  magnanachan  Eiganachaftan 
Um  nun  d*a  Saueraroffebapaltung  amxu 
achrankm  odar  lu  vartvnuarn  ampfiahn 
mch  d>a  Srntarung  m roe  Armoaphara  von 
hoham  Sauaraujffpan.aidruck 

Dar  f«ra*ta  Proxaft  dar  dm  AnwanJba* 
kart  hohar  Sertariamparaturm  ur*d  tangar 
Smtanatian  arechwan  .*t  d*a  Varflu.-**b- 


gung  von  Z*nk  Dmaet  Vo»oang  ap«N  Pch 
an  dar  Oboflacha  daa  Fames  at)  und  t>*ri 
1 1 cmar  anatyt«ch  nachwatabarm  me  zu 
■Mhmandam  Abatand  von  dar  Qbarfache 
aonahmandm  Verarmung  oak  Famo  an 
Zink  m*««watl  d*e  Zmkvardampfung  a<nr 
f .nliuft  auf  d>e  Poroaitai  hot  at  unkiar  Irv 
EmiMuA  at it  da  magnaoachan  EiganachaMm 
xw.ngt  iaoocr  datu  da  Atapaiumg  von 
Zmk  iv  untardruckm  B'kanm  at  <ufl 
auch  da  ZmkatapaAung  ourr  l>  Crhohar* 
daa  Sauaratotfpartaklruck*  a dc:  Smear 
atmoaphora  varrmgart  teardan  kann  Em 
BatSpai  dafu-  daQ  da  Surtarung  m Sauer- 
ktotf  von  Almoaphareodruck  tataachkch  tv 
hoherm  Ochtewartm  tuhrt  ata  da  Smter 
rung  *n  Lull  /a*gi  Md  la  fur  dm  Fad  a*-aa 
Nickel  Zmk -Farm  dar  ZuaamnanaaUung 

N*  ,Zn  Fa  O. 

Obamalb  1 ZSO  "C  Stntartamparatui  and 
da  Ochteaarte  ba*  Smtarmg  *n  Sauar 
*totf  groOar  ba  ta«arm  Smtarbampara 
turm  ary <31  ach  akardmga  *n  Luh  ant  raU 
trv  hohara  Ochta  Bdd  1b  zatgt  fur  dar* 
aaftan  TaM  dm  Vartauf  dar  Anlangaper 
maabtbtai  Auch  far  hat  daa  m Luh  gam 

aaa  hohere  ParmaabAtat  tbe  cbarhdb  1300  C 
abac  aurk  ablaBt  BrnSmlarungmSauatatoH 
blerbt  dec  Maumatwarl  nadrga  und  wvd 
ana  bm  hoharm  SebrtarnpWknn  atre^ht 
Auch  dm  KnatafctangroAe  I mg  I ba*  Sade 
rung  m Luft  zunachat  hohar  almgt  abac 
rrut  zmehmandar  Smtertemperatur  ac bam 
char  m Em  ahnbehaa  Varhaltan  arurde 
auch  an  anderm  BOchomalratF  zuaammen 
geaauien  Ntckat-Zmk-Farr  an  baobachtat 
ix*d  man  mochte  daraua  achkaflan.  daft  ba- 
Smtm ung  .n  Lu^  daa  Matarmt  ana  hohara 


F e*»«aftanfcon/mtr « 
da*  Smtarprozaaoa* 


bva  Emftuft  dot  Sau« 


n hat  da  dan  W 


Zmhvardmnptung  ubaowegl  Daev  Ergab 
maaa  tagm  aa  naha  be*  dm  Smaenmo  zu 
nachat  m aauara*oHarmer  Aknoapnai  aa 
zunetzan  tmo  real  teat  atergandr*  Taw 
r«u  dm  Satmruotfpari  ea-ckninkmi' 
Um  norh  hohe-a  Dtibwetb  zu t 


wurdm  daraibg e Varauche  ™*hi  d^t-hga 

hmr. 

Um  dm  ba*  hoban  Smka  latum  m »n 
a*orandmiEi-^i>mak  kianmrhkban  mad  mac 
mm  bamiabt  aam  dm  zu  C/zmfcmg  notk 
dchter  Farr  Ac  notwa  dgm  Tamper  akuran 
abzuaanfcan  Dazu  i*M)  am  von  da*  Ba 
achattenha*  dar  zu  kmwmam  Taaa  aua 
gehar.  Dmae  Ted*  a ardor  ac  Hir  ana* 
PratVvorganga  aua  araa  pu»verfor  wgan 
Ron  akottgaamace  odar  amam  Farrgpuk.ar. 


c*.  fur  dm  arfordarbeka 
des  Putvars  tmd  dc  anggnandkaa  FVaA 


zva  F riatchCm ung  daa  Sadat  ptozaaaaa 
kchai  graft  a«»d  D*a  < iki  ■ OcMa 
»ok_ ban  Pre^bnga  bagt  aa  dg» 
zwmehan  56  und  /OS  von  dagaaga 
farbgan  Farid*  Oa  i*a  FVdaofk 
FamtptAvmr  mcht  ^lirtira  iat*armbm 


£> cm#  non  jrpnitK  faj 

vor*  yac  Ida  "tar  fbf  ftr  rftcan 


r ( 
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ft 
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ft 


MICROFICHE  PAGE  WITH  SMALL 
SYMBOLS  6 GRAPHS  DISPLAYED 
ON  THE  #4014  TERMINAL 

FIGURE  B-14 
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2X  ZOOM  MAGNIFICATION  OF 
MICROFICHE  PAGE  DISPLAYED 

FIGURE  B-15 
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verwirklichen  zu  konnen  und  um  moglichst 
hohe  VerschleiOfestigkei!  zu  erhalter.  Hie' 
steher  also  die  mechanischen  Eigenschaften 
irp  Vordergrund.  wahrend  in  den  anderen 
Fallen  die  germge  Porositat  zui  Erz'eluna 
bestimmtei  magnetiscner  Eigenschaften 

errordedich  is; 

Nickel-Zmk-Ferrite  kann  man  verhaltms: 
maOig  leichl  mit  hoher  relative'  Dichte 
nerstelien  Schwiengkeiten  beieifer.  erst 
Porositaten  unter  l" 

Betrachtet  man  zunachst  den  Sinter 
proieG.  so  gilt  in  der  Keram'k  die  Reqei 
daft  man  mit  steigenoer  Smtertemperatu' 
und  Smterdauer  germgere  Porositaten  ei- 
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2X  ZOOM  MAGNIFICATION  OF 
MICROFICHE  PAGE  DISPLAYED 


FIGURE  B-16 
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1121-5  zoom  2x  digitized  3200  elements  ( mode 
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particularly  in  the  high  resolution  zoom  mode  of  system  operation. 


An  illustration  of  the  amplitude  variations  that  occur  in  the 


analog  output  from  the  microfiche  scanner  as  a result  of  film  density  variations 


and  scanner  spot  characteristics  is  shewn  in  Figure  B-17. 


The  A-scope  photograph  on  top  shows  the  amplitude  variations  of  the 


analog  signal  at  the  scanner.  The  photograph  on  the  bottom  gives  the  dis- 
played image  with  the  location  of  the  A-scope  scan  line  identified.  Note  that 


on  the  A-scope  trace  the  signal  representing  the  vertical  grid  lines  are  very 


low  in  amplitude  compared  to  the  two  plotted  curves.  It  is  apparent  from  this 
amplitude  variation  that  some  form  of  threshold  circuitry  is  needed  to  enhance 


the  low  amplitude  signals. 


B. 1.4.1 


Threshold  Optimization  - It  is  recommended  that  the  thresholding 


problem  should  be  studied  and  circuitry  developed  which  will  optimize  the 


legibility  of  microfiche  pages  containing  excessive  density  variations.  If 


this  is  accomplished,  the  high  resolution  zoom  will  provide  excellent  legibility. 


As  an  example  of  what  could  be  done,  a simplified  block  diagram  of 


one  possible  threshold  circuit  is  shown  in  Figure  B-18.  The  associated  timing 


diagram  for  the  circuit  is  illustrated  in  Figure  B-19. 
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THRESHOLD  DETECTOR  AND  A/D  CONVERTER  BLOCK  DIAGRAM 
FIGURE  B-18 


THRESHOLD  CIRCUIT  TIMING  WITH  FIVE  ELEMENT  DELAY 
FIGURE  B-19 
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The  purpose  of  the  circuit  is  twofold.  First,  the  average  value  o 


Image  Intensity  Is  determined  by  sampling  the  data  with  positive  and  negative 


peak  detectors.  The  result  is  used  to  set  a reference  level  for  thresholding 


purposes.  This  is  done  on  a continuous  basis  (with  a circuit  which  has  a 


relatively  long  response  time)  in  order  to  compensate  for  any  slow  changes  in 


average  intensity  which  may  take  place  during  the  course  of  scanning  a microfiche. 


The  second  purpose  is  to  detect  and  record  data  that  exceeds  the  set  threshold 


(which  is  set  at  a particular  level  to  avoid  short  noise  pulses  and  image 
blooming  or  smearing  problems)  and  in  addition  to  detect  data,  occurring  at 
a second  (lower)  threshold  which  would  normally  go  unnoticed  in  the  presence  of 


high  amplitude  data. 


This  ia  accomplished  by  digitizing  the  analog  video  signal  using  a 


2-bit  (or  greater  depending  on  the  accuracy  required)  A/D  converter,  placing 


the  data  in  an  N element  shift  register,  and  then  continually  comparing  the 


output  of  the  1st  stage  with  the  last  stage.  If  the  binary  weight  of  the 


digitized  data  goes  above  the  first  or  highest  predetermined  level,  then  the 


data  is  recorded  as  it  is  shifted  out  of  the  register.  If  the  data  exceeds 


the  second  or  lower  threshold  level,  it  is  recorded  only  if  succeeding  elements 


do  not  exceed  the  first  threshold  (in  which  case  all  previous  data  is  ignored) 


and  also  only  when  the  level  of  a succeeding  element  falls  below  the  second 


threshold.  In  this  manner,  data  of  normally  inadequate  amplitude  can  be 


preserved.  Obviously,  the  amount  of  data  which  can  be  saved  depends  on  the 


length  of  the  memory  or  shift  register  used.  In  addition,  the  shift  register, 


as  shown  in  the  timing  diagram,  delays  the  output  by  a number  of  elements  equal 


to  the  number  of  stages  in  the  register. 
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DISPLAY  RESOLUTION  DURING 
PULSED  WRITING  EXPERIIIENTS 
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B.1.5  PULSED  WRITING  EXPERIMENTS 


The  #4014  Display  Terminal  storage  target  is  a unique  screen  surface 


containing  a discrete  array  of  collector  electrodes  spaced  160  per  linear 


inch  in  a rectangular  matrix  (refer  to  Section  3. 2. 2. 2).  Because  of  this 


discrete  collector  array,  the  spot  size  displayed  on  the  screen  will  vary 


substantially  depending  on  the  electron  beam  charge  density  delivered.  As 


the  charge  density  is  reduced,  the  spot  size  becomes  smaller.  However,  as  the 


charge  density  is  further  reduced  a point  is  finally  reached  where  the  image  is 


not  stored.  In  recognition  of  the  fact  that  the  spot  size  could  be  optimized. 


a series  of  pulsed  writing  tests  were  made  to  control  the  time  interval  during 


which  charge  is  delivered  to  the  screen. 


Figure  B-20  shows  the  results  obtained  by  varying  the  time  Interval 


from  200  microseconds  to  800  nseconds  with  no  overlap  of  the  recorded  spots. 


Observe  that  as  the  time  interval  becomes  shorter,  the  spot  diameter  is  reduced. 


At  800  nseconds,  storage  is  not  achieved  over  the  entire  format. 


An  example  of  a portion  of  a displayed  microfiche  page  (magnified  by 


scanning  in  the  zoom  mode)  is  shown  in  Figure  B-21.  Part  of  the  display  was 


generated  without  pulsing,  part  with  1.0  microsecond  interval  pulsing,  and  part 


with  0.6  microsecond  pulsing.  The  pulsed  portion  is  clearly  more  legible  than  the 


unpulsed  text.  Since  the  resolution  elements  overlap  one  another,  storage  was 
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The  following  formula  s valid  lor  linear  change  <n  charge 


Fig  i?  Factor  k for  power  calculation 


The  following  formula  *s  valid  for  s.nusoidai  and  combined 
change  *n  charge  according  to  Fig  3b  or  3c 


With  trapezoidal  voltage  having  a sleep  rise  slope  the  power 
can  reach  a very  high  value  The  power  limiting  values  quo 


DISPLAY  SHOWING  RESULTS 
OF  PULSED  WRITING 


FIGURE  B-21 
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achieved  even  when  using  the  0.6  microsecond  pulse  width. 


We  conclude  from  these  tests,  that  the  resolution  of  images  displayed 
on  the  #4014  Display  Terminal  can  be  optimized  by  using  controlled  pulse 
writing. 


B.1.6 


WRITING  RATE 


The  writing  rate  of  the  display  unit  is  specified  as  5,000  inches 
per  second  by  Tektronix.  The  writing  rate  was  tested  in  order  to  see  if  the 
specification  is  conservative  and  if  faster  rates  can  be  used. 


Tests  indicated  that  rates  up  to  15,000  inches  per  second  could  be 
used  without  loss  in  storage.  It  is  recognized,  however,  that  only  one  display 
terminal  was  tested,  and  that  different  display  control  settings  may  cause  a 
large  variation  in  results.  One  caution  that  must  be  observed  is  that  the 
allowable  writing  rate  may  decrease  as  the  display  phosphor  ages.  Thus 
after  several  thousand  hours,  near  the  end  of  tube  life,  the  writing  rate 
limit  may  begin  to  approach  the  specified  value. 


During  actual  system  operation  the  display  would  have  to  operate  at 
less  than  3,000  inches  per  second  writing  rate  to  keep  up  with  the  transmission 
channel  speed.  Data  may  be  buffered  into  the  display  at  a much  faster  rate 
than  the  transmission  rate  and  still  remain  within  the  conservative  writing 
rate  specification. 
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PHOTOGRAPH  OF  HARD  COPY  SHOWING 
DISPLAYED  PAGE  OF  FIGURF  B-15 

FIGURE  3-22 
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B.1.7  hard  copy  unit 


A Tektronix  Model  #4631  Hard  Copy  Unit  was  tested  during  the 
simulation  experiments.  Although  hard  copies  of  the  displayed  images  are  not 
required  for  the  Microfiche  Scanner  and  Remote  Display  System,  tests  were 
conducted  to  determine  the  growth  potential  of  the  system. 


The  Hard  Copy  Unit  is  a self  contained  unit  which  interfaces  directly 
with  the  display  terminal.  The  copy-making  process  is  initiated  by  operating 
a single  switch  on  the  Hard  Copy  Unit  or  by  the  display  keyboard. 

The  standard  copy  size  is  8-1/2  inches  by  11  inches.  Copy  time  is 
approximately  18  seconds  for  the  first  copy  and  about  8 seconds  for  additional 
copies  of  the  same  display.  The  unit  uses  3M  Type  777  Dry  Silver  paper. 

Examples  of  hard  copy  output  from  the  unit  are  shown  in  Figures  B-22 
and  B-23.  Figure  B-22  is  a photograph  of  a hard  copy  taken  of  the  zoomed  image 
on  the  display  terminal  shown  in  Figure  B-15.  Figure  B-23  is  the  photograph 
of  a hard  copy  taken  from  the  display  during  a simulation  demonstration  to  il- 
lustrate how  half-tone  images  would  be  reproduced. 
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PHOTOGRAPH  OF  HARD  COPY 
OF  DISPLAYED  PAGE  WITH 
HALF-TONE  PICTURES 


SIMULATION  EXPERIMENTS  WITH  CAMERA  TUBE  AND  NON-STORAGE 
HIGH  RESOLUTION  DISPLAY 


In  addition  to  the  simulation  demonstration  using  the  Laser  Image 


Processing  Scanner  and  the  Tektronix  4014  storage  display,  a simulation  de- 


monstration was  performed  using  a "high  resolution"  TV  camera  tube  and  a 


high  resolution,  non-storage  display.  Since  the  display  was  a non-storage 


type,  the  simulation  not  only  evaluated  the  technical  performance  of  such 


a system,  but  also  permitted  determination  of  the  extent  to  which  "flicker" 


on  the  display  caused  discomfort  to  the  viewer. 


B.2.1 


DESCRIPTION  OF  EQUIPMENT 


The  equipment  used  in  this  simulation  consisted  of  the  following: 


Light  table 


Focussing  lens 


Cohu  1"  diameter  high  resolution  vidicon  camera  system 


Conrac  17"  high  resolution  monitor 


B.2.1.1 


Light  Table.  A standard  photographic  light  table  was  used 


to  illuminate  the  microfiche  from  the  back.  The  table  also  served  to  support 


the  fiche  in  a plane  perpendicular  to  the  optical  axis  of  the  lens-camera 


assembly . 


\ V -■  * «■»* 


B’ 2,3,2  Focussing  Lens.  The  lens  used  to  image  a page  from  the 

microfiche  onto  the  vidicon  target  was  a high  quality  Kinoptik* ** ***  photo- 
graphic lens.  This  lens  was  a 50mm  lens  having  a 100mm  focal  length 
(#/ f-2). 


B- 2,1,3  High  Resolution  Camera  System.  The  scanning  system  used  in 

** 

this  simulation  consisted  of  a Cohu  high  resolution  1"  vidicon  camera  (model 
#7120)  and  a Cohu  camera  control  package  (model  #7900).  The  camera  is  re- 
ported to  have  an  electromagnetic  field  emersion  lens  which  results  in  higher 
than  normal  resolution  and  better  uniformity  in  resolution  over  the  face  of 
the  tube.  While  a center  horizontal  limiting  resolution  of  1400  TV  lines 
reportedly  can  be  realized  with  this  camera,  the  maximum  bandwidth  of  the 
camera  system  is  32  MHz.  Consequently,  the  1400  TV  line  center  horizontal 
resolution  can  only  be  obtained  at  the  expense  of  vertical  resolution  (575 
TV  lines). 


For  this  simulation,  the  camera  was  operated  at  a 1225  line  rate, 
32  MHz  video  bandwidth  and  a frame  rate  of  30/sec. 

Under  these  conditions,  the  predicted  limiting  resolution  of  the 
camera  system  was: 

1000  TV  lines  horizontal 
775  TV  lines  center  vertical 

B*2.1.4  High  Resolution,  Non  Storage  Display.  The  video  signal  from 

the  Cohu  camera  was  fed  into  a Conrac  17"  high  resolution  monitor  of  the 
RQB  series.  This  monitor  was  operated  at  the  same  rates  as  the  camera 
(l*e*  1225  line  rate,  32MHz  video  bandwidth  and  30  frames/sec.), 

*Kinoptik,  Paris,  France 

** Cohu  Inc.,  Electronics  Div.,  San  Diego,  CA 

***Conrac,  600  No.  Rimsdale  Ave.,  Covina,  CA 
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B.2.2 


RESULTS  OF  SIMULATION 


A number  of  pages  from  24X  microfiche  were  imaged  onto  the  vidicon 
target  and  reconstructed  on  the  Conrac  display.  A photograph  of  one  such 
reconstructed  page  is  presented  in  Figure  B— 24.  In  order  to  utilize  the  full 
scan  format  of  the  camera  tube  (4:3  aspect  ratio),  the  pages  were  scanned 
in  a "vertical"  direction  (i.e.  along  the  page  height).  Consequently,  the 
pages  as  seen  of  the  display  were  rotated  90°. 


Based  upon  the  manufacture's  specification  of  1000  resolvable 
elements  per  scan  width  (or  page  height) , the  number  of  "samples"  for  the 
various  letter  heights  shown  in  Figure  B-24  are  the  following: 


Type  #1*  - S.S  samples /let ter  height 
Type  #2  - 3.5  samples/letter  height 
Type  if  3-8  samples /let ter  heigjht 


A subjective  evaluation  of  the  corresponding  legibility  (or  non- 
legioility)  of  these  various  types  of  letters  tends  to  confirm  the  legibility 
criteria  discussed  in  Section  2.4.1  of  this  report.  That  is,  only  the  largest 
letters  (Type  //3)  appear  to  have  a sufficient  number  of  resolvable  samples 
to  insure  adequate  legibility.  Proportionally,  more  samples  per  page  height 
would  be  required  to  realize  good  legibility  of  letter  Types  if 1 and  if 2. 


In  addition  to  inadequate  resolution  in  the  center,  the  recon- 
structed image  shows  that  the  resolution  further  deteriorates  along  the  edges 
of  the  page  and  particularly  in  the  corners.  The  image  also  bows  along  the 
edges  ( pincushion  effect).  It  is  felt  that  the  resolution  limitations  and 
pincushioning  originated  in  the  lens-camera  portion  of  the  system  rather  than 
at  the  display  end. 
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RECONSTRUCTED  MICROFICHE  PAGE 
FIGURE  B-24 
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Finally,  the  image  on  the  display  contained  a certain  amount  of 

* 

flicker.  While  this  flicker  was  not  particularly  noticeable  when  viewing 
the  screen  directly,  it  did  become  objectionable  when  the  viewer  was  looking 
off  to  one  side  of  the  screen. 


B.2.3 


CONCLUSION 


Based  upon  the  observed  legibility  limitations  of  the  system,  the 
distortions  in  the  image  and  the  flicker  associated  with  the  display,  it  was 
felt  that  this  particular  camera-display  system  was  not  an  acceptable  candidate 
system  for  the  application  being  studied. 
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APPENDIX  C 

DETAILED  CONSIDERATION  USED  IN  MAINTAINABILITY  ANALYSIS 
C.O  INTRODUCTION 

Section  3. 1.2. 4. 2 of  this  report  discussed  the  Maintainability 
Analysis  performed  on  the  laser,  flying  spot  and  solid  state  array  scanning 
systems.  Certain  portions  of  this  analysis  involved  detailed  considerations 
which  are  presented  in  the  following  section  of  this  Appendix. 

C.l  CONSIDERATIONS  USED  IN  ESTIMATING  PREVENTATIVE  MAINTENANCE 

EFFORT  ASSOCIATED  WITH  EACH  SCANNING  SYSTEM 

Certain  preventative  maintenance  tasks  are  common  to  all  three 
scanners.  These  tasks  and  the  hours  required  to  complete  each  task  are  pre- 
sented in  Table  C-l. 

TABLE  C-l 

MAINTENANCE  TASKS  AND  MAINTENANCE  HOURS  COMMON 
TO  THE 

THREE  CANDIDATE  SCANNING  SYSTEM? 


Subsystem  or  Maintenance 
Component  Task 


if  of  hours 
per  year 


X-Y  Table 


Clean 

Lubricate  l*  Adjust 


Vacuum  Pump 


Replace  filter, 
lubricate  4 clean 


Printer  - 
Keyboard 


Clean 

Lubricate,  clean  & 
replace  belt 


Overall 


General  inspection, 
cleaning  & replace- 
ment of  such  items 
as  indicator  lamps 


46  hrs/year 


TABLE  C-2 


MAINTENANCE  TASKS  AND  MAINTENANCE  HOURS  UNIQUE 
TO  THE 

THREE  CANDIDATE  SCANNING  SYSTEMS 


Subsystem  or 
Component 


Maintenance 

Task 


If  of  hours 
per  occurrence 


of  occurrences 
per  year 


I If  of  hours 
per  year 


LASER  SCANNER 


Laser 


Replace  & 
align. 


Air  Compressor  Lubricate  & 
for  Spinner  replace  filter 
Bearing 


Optical 

Elements 


Clean 


Replace 


(once  every  2 yrs) 


TOTAL 


FLYING  SPOT  SCANNER 


Replace 


Clean 


Replace 


(once  every  2_  yrs) 


TOTAL 


SOLID  STATE  SCANNER 


TOTAL 


32  hrs/yr . 


(once  every  J2  yrs)  10 


18  hrs/vr 


5 hrs/yr 


' ’• : -f-j 
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Other  preventative  maintenance  tasks  are  unique  to  each 


scanner.  These  tasks  and  the  hours  required  to  complete  them  are  presented  in 
Table  C-2. 

Combining  the  totals  shown  in  Table  C-l  and  Table  C-2,  the  total 


estimated  preventative  main|enance  time  per  year  associated  with  each  scanner 
is: 


Laser  Scanner 

78 

hours 

Flying  Spot  Scanner 

- 

64 

hours 

Solid  State  Scanner 

- 

51 

hours 

C.2 


CONSIDERATIONS  USED  IN  ESTIMATING  CORRECTIVE  MAINTENANCE 
EFFORT  ASSOCIATE^  WITH  EACH  SCANNING  SYSTEM 


As  discussed  in  Section  3. 1.2. 4. 2 of  this  report,  the  time  per 


year,  TCM,  required  to  perform  corrective  maintenance,  tasks  on  each  scanner 


can  be  estimated  by  using  the  formula: 

T 


CM  MTBF  X Mct  X lL 


where, 


T - yearly  operating  time  (2000  hrs  assumed) 

MBTF  ■ Mean  Time  Between  Failures  (obtained  from 
reliability  data) 


^ct  “ average  replacement  time,  T , and  time  re- 
quired for  system  retest  r 


f^  * learning  factor  (taken  to  be  "4") 


In  turn,  T^  can  be  estimated  using  the  formula: 


I(A  t +A  t, X t ) 

11  2 2 n n 


where, 


■ total  failures/IQ0  hrs. 


A.  ■ failure  rate  of  applicable  block 


t^  * estimated  time  of  repairing  each  block 


The  numerical  analysis  used  to  determine  T„w  for  each  of  the  can- 

CM 


didate  scanner  is  presented  in  Tables  C-3  through  C-5. 
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TABLE  C-3 


T_.  ANALYSIS  FOR  LASER  SCANNING  SYSTEM 
CM 


Subsystem  or 

* 

Failure  Rate 

Estimated  Repair 

Product 

Component* 

(per  108  hrs.) 

Time  (hrs) 

Laser 

83.0 

Spinner 

30.0 

Control  Electronics 

19.5 

Vacuum  Pump 

10.0 

X-Y  Table 

78.8 

Printer 

100.0 

PMT 

45.0 

Amplifier 

36.0 

Threshold  Selector 

45.0 

"No-Signal"  Detector 

5.0 

Growth  Factor 

80.0 

TOTAL  A - 532.3 

TOTAL  At  - 3081 

= _ Total  At 

r Total  A 

3081 

532.3  5,8  hrS 

System  retest  time  * 4.0  hrs 

M „ » 9.8  hrs 
ct 

TCM  “ MTBF  X \t 

* U 

- (2000)(5-^ 
V io' 

?J<9.8>(4> 

tcm  ‘ 42  hrs 

*From  reliability  data 

TABLE  C-4 


ANALYSIS  FOR  FLYING  SPOT  SCANNING  SYSTEM 


Subsystem  or 
Component  * 

* 

Failure  Rate 
(per  10^  hrs) 

Estimated  Repair 
Time  (hrs) 

Product 

X 

t 

Xt 

CRT  Controls 

140.2 

3 

421 

CRT  Package 

212.0 

3 

636 

Vacuum  Pump 

10.0 

4 

40 

X-Y  Table 

78.8 

8 

630 

Printer 

100.0 

5 

500 

PMT 

45.0 

3 

135 

Amplifier 

36.0 

3 

108 

Threshold  Selection 

45.0 

4 

180 

"No-Signal"  Detector 

5.0 

4 

20 

Growth  Factor 

80.0 

4 

320 

TOTAL  X - 752.0  TOTAL  Xt  - 2990 


T 


r 


Total  Xt  2990 
Total  X " 752.0 


4.0  hr s 


System  retest  time  ■ 2.0  hrs 


M . - 6.0  hrs 
ct 


TCM  “ MTBF  X **ct  X lJl 

- (2000/^^V6.0)(4) 


Tai  " 36  hrs 


*From  reliability  data 


TABLE  C-5 

ANALYSIS  FOR  SOLID  STATE  SCANNING  SYSTEM 


Subsystem  or 

* 

Failure  Rate 

1 

Estimated  Repair 

Product 

Component* 

(per  106  hrs) 

Time  (hrs) 

Light  Source 

Vacuum  Pump 

X-Y  Table 

Printer 

Power  Suppliee 

Counter  & Recorder 

Array  Circuits 

Array 

Amplifier 

Read  Only  Memory 

Threshold  Selector 

"Wo-Signal"  Detector 

Growth  Potential 


25.0 

10.0 
78.8 

100.0 

30.0 
9.5 

52.0 

60.0 

36.0 
5.0 

45.0 
5.0 

80.0 


TOTAL  A - 536.3 


TOTAL  At  - 2337 


s _ Total  At  2337  . . . 

r Total  A “ 536.3  “ 4,4  hrB 


System  retest  time  ■ 2.0  hrs 


M „ ■ 6.4  hrs 
ct 


TCK  “ MTBF  X Mct  X fX 


- (2000) 


/ 536.3  \ 

\ 10 6 ) 


<6.4)(4) 


TCM  “ 28  hr8 


*From  reliability  data 
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MISSION 

of 

Rome  Air  Development  Center 


RADC  is  the  principal  RFSC  organization  charged  with 
planning  and  executing  the  USAF  exploratory  and  advanced 
development  programs  for  electromagnetic  intelligence 
techniques , reliability  and  compatibility  techniques  for 
electronic  systems,  electromagnetic  transmission  and 
reception,  ground  based  surveillance , ground 
communications , information  displays  and  information 
processing . This  Center  provides  technical  or 
management  assistance  in  support  of  studies,  analyses, 
development  planning  activities , acquisition,  test, 
evaluation , modification,  and  operation  of  aerospace 
systems  and  related  equipment. 


Source  AFSCR  23-50,  11  May  70 


■MBHM 


